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SiO. . . . . ... ... . : ... . ... ......... .. ' ... ' ... ... . . . '.84.35 'per cent 
AbO. . .. . .. . ....... .. .. .. ..... . . ' . . . . . .. .. . . .. .. ' 8.62 " , 
FeO+Fe20 • . ..... .. .. . . .. .. . .. : .. . ... : . . ..... ,. 5.59 ," 
CaO .. ... . .... . . . . .. .. . ... ; . ... . . . . .. . ... . . . . . . . . 88" 
H.O+loss .... .. . . .. ...... .. . . . : .. .... . .. . :. .... .43'" 
The Red Rock sandstone constitutes the most important 
source of building . stone in the county. There are unlinlited 
quantities available and ·it merits a much Wider use than it has . 
at present. 
The Coal Measures sandstone in Jasper county, as elsewhere, 
is not sufficiently indurated for high grade- crushed. ~tone prod-
ucts. As the county is near enough to draw on the Des' Moines 
river supply of sand and gravel expensive development work 
for stone is scarcely warranted. 
JE~RJSON COUNTY. 
SAND AND' GRAVEL. 
With : the exception 'of a few exposures · of dirtr. sand and 
graviOll sparingly distributed in the eastern tier of townships, 
Jefferson county is ' practically devoid of water-laid materials. 
Mc:;>st of the · cement and concrete materials used in the 'county 
are shipped from Ottumwa. . 
. In reference · to gravels, Mr. J. A . . U dden in a report· on 
J e.fferson .county* says: "In the eastern part of the county a ' 
few places ,were noted ' where gravels -and sands re'st on bed, 
rock and . .are covered by bo~lder clay. ,. The most . extensive 
, exposure of this· kind , is at the southwest co~er of section 1, 
, Walnut tQ.wnship, in the ' s'outh . bank of , a · ravine which is fed 
by a number· of springs that issue from the gravel at in~ervals 
for a distance. ·of some thirty. rods . . The deposit: is fully twenty 
, feet thick and ,lie,s at an 'elevation: of, about 100 feet above Skunk 
ri:ver . .. To the west it is r~overed by bowlder . clay . and . for · a 
mile in this ,direction there a-~e_ w.ells in. which, t~e water, comes, 
from , the same gravel, and has: a ... strong mineral , taste. . The 
deposit , 18 highly ,.ferruginous ' an~ almost ·ocherQus,. brownish 
ye.llow 'in color,and,,in places cemented into a . soft stone. The 
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lower part is gravel, but the upper fifteen feet are evenly 
bedded, ' laininate'd sand of variable texture, with,; here and 
there silty' seams. Deposits like this, but mor~ , silty, were noted 
in the base of the drift at two other localities in : this region; 
on the wagon road at a shallow draw near the center of the 
west line of the northwest quarter, of section 12 in Walnut 
" towns'hip and at the hase of the bluff in the wagon road which 
, leads down to the ford ";lcross Skunk river in the east southeast 
quarter of section 11 in Lockridge township. Some indurated 
brown gravel or sand was again noted in the south bank of 
a ravine above the ,wag'on bridge near the southel;\st corner of 
section' 24 in ROl]~d Grove township. The, section at this ,place 
,was as follows: ' 
4, Bowlder clay (interbedded with ' NQ, 3') . ' 
3. ,Sand and gravel, yellow, quite evenly bedd,ed, . ", ... , ... 
2. Sandstone, broW1Il, ' hard ~mough to be used for building 
stone . ' ... . .. . .......... . , .. .. .. .. .. ... . ....... . .. ... . 
1. Sand and gravel, slightly indurated, brown .... . .. . .. .... . 
FEET. 
5 
1% 
4 ' 
,'~ The same gravel occurs in the two next streams which cross 
~h~ east b9undary of the county to the south of this place, and 
it was also noticed resting on the bed f'ock in two ravines run-
ning iI;lto Cedar creek in the southwest quarter of 'section 35 
of Lockridge township." 
The ,age of these gravels is problematical , From their ~trati­
gr:aphic position they could be either ~ glacial or a preglacial 
formation. Pebbles of igneous origin are a point in favor of 
glacial origin, but the ,.fact that , out of 500 of them· none were 
found s~ored is strongly against such origin. Another fae:t 
~upporting a preglacial 'age is that the proportion of diffel'ent 
r~cks is qu'i~~ ,variable for different, localities and in glacial 
deposits this proportion is 'fairly constant in the same region. ' 
Mr. Udden also notes that, "The degree of induration and the 
thoroughness , of , qxidation and leaching also indicate a con-
e,iderable age for these gravels." Calcareous materials are al-
most ' entirely absent. Some unique pebbles testify to this ' ex-
treme leaching. On 8~ction 1 in Walnut tOownship, the gravel 
contains some pebbles of limonite which are hQllow. They ,are 
the shape and size of an empty shell of a hazel nut. Presum-
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ably these limonite shells have been formed as incrustations 
around calcareous pebbles, which. afterward have been leached 
out by slow percolation through the crust, leaving this empty. 
The overlying bowlder clay resembles the Kansan, but an earlier 
clay may have been removed. 8ince some of the facts are con-
tradictory and others prove nothing either way the age and 
origin of these gravels is uncertain. . 
Gravel is unknown save in the three eastern 'townships, and 
the same can be said of sand with one exception. Pa:r;t of the 
sand used in Fair£elSl comes from a small creek a mile and a 
half south of town, while the rest is shipped in from Ottumwa~ 
STONE. 
Jefferson county belongs to the region of thick drift, which, 
according to U dden, averages one hundred and fifteen .ieet in 
thickness over the entire county. Both the drift and the Goal 
Measures have been completely removed by the principal 
streams in Penn, Walnut and Lockridge townships in the north-
east, and to a less extent in Round Prairie, Cedar and Liberty 
townships bordering on the south line of the county. Numerous 
outcrops of Saint Louis limestone appear in all of these town-
ships. As a rule, such exposures are of small extent and often 
much obscured by the heavy talus almost everywhere present. 
While the county . has produced a large quantity of s'tone for· 
local use, and is capable of producing much more, there is not 
a single worker in the county who depends upon the quarry 
industry for a livelihood. 
The following sections will give a fair idea of the natural 
resources of the county along this line. 
Walg'ren's Quarry, southw~st quarter of the southeast quar-
ter of sectio'n 3, Lockridge township. 
FEET. 
4. ISoil and drift of variable thickness: .. . . 
3. Clay and marl, yellow.......... . . .... . . ..... . .... . ..... 3% 
2. , Limestone, dark gray, porous, somewhat ch~rty in places. . 7 
.1. Limestone, grayish yellow, exPQsed. .... ............. .. ... , 5' 
Monson's Quarry, northeast quarter of the northwest quar-
ter of section 8, Lockridge township. 
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" 
FEET. 
, 6. Soil a,nd drift of variwble thickness. 
5. Limestone, compact, fine-grained, ,almost lithographic in 
texture, pyritic . .. ' .. .......... .... - . . . . . . . . . . . . . . . . . . . 1\13 
,4. Limestone, soft, gray, in thin beds .... '. " ..... : . . . . . . . . . ·2 
3. Limestone, . gray, in a single ledge . .. .. ...... ... ... .. " ., . ' 2~ 
2. Limestone, dark gray, compact and slightly bituminous . . . . . 1h 
1. Marl, blue, shaly, exposed ...... . ... : .. .. .. : ... : .......... : 14 
Numerous sections are expused' alon'g Walnut and Burr Oak 
creeks and their . tributaries in the three northeastern town-
ships. - The ha~d ,beds are quite generally brecciated and are ' 
associated with marly and shalY layers. I 
In the southern portion of the county ' o-q.tcrops are fe\ver. 
N ~ar the south line of Round Prairie township, a quarry has 
been opened in the southwest quarter of the southeast quarter 
of seCtion '34. The section ~s . given herewith. 
4. SOil and drift of varia:ble thickness. 
.3,. Marl,. gray, fOssiliferous .. : . . . ,' .. ... . ,'· .. . ,. . . . . . ......... :,. 
2. Limestone', w,hite, with .a ledge ' of very 'fine, almost litho-
gr\Lphi.c texture ......... i .... . . .. .. , ...... .. ....... ' .. . 
1. Limestone, gray, in, ledges ,vary~ng 'from six inches to oue 
foot hi: thickness, with shaly parting near the middle .. . . 
FEET. 
I 
2 
2 
5 
Other exposures· occur in Round Prairie, Cedar and Liberty 
townships. Quarrying has also been done to the northeast of 
the cente! of section 10, in Liberly township. , The beds worked 
are as follows: 
FEET. 
7 . . Soil and drift of variable thickness. 
6. Shale, greJn, p6ckety, 'belonging to Coal Me~sures,. 
5. Limestone, gray, weathering into rounded bowlders, in , 
places with sma,ll crevices filled .with calcite, fossiliferous 4 
4: Marl, light colored, with occasional stone concretions, fos-
siliferous . . .... . ... . ....... . ....... ' ,' . . . . . . . . . . . . . . . . 2 
3. Limestone, gray . ... . ... . .... .. .... .. ... ....... .... ,.... ~ 
2. ,Marl,. shpi1,ar to numJ>er. 4 ...... ... ... . ' ... . ',' .' . .. : . . .. '. ' ' . 3 
. ( Limestone, gray, pyritic ... , .. ' ........ ' .. . . .. , .. . . : . ... : . . . '3 
Practically all good q~arry stone belongs to the Pella beds, 
and comprises heavy ledg~s of compact limestone, alternating, 
especia,lly above, with seams of greenish, marly' 'shales. Occa-
sionallythe limestone 'is slightly broken up and brecciated, but 
to a mucl1less e+tent than the yerdi beds· b!31Qw. Some of the 
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beds a're' almost lithQgraphic' in character. The beds are usually ' 
mQre Qr' less ' 'ifyri,t~c thrQughQut. ,. 
I : ~ " ,I ; , • ' 1 . I, • j. 
JOHNSON COUNTY . 
. ,f., 
SAND AN~ GRAVEL. 
1\ '. , 
Sand .·and .SQme gravel may be ' Qbtained 'frQm . IQwa river in 
the vicinity Qf IQwa City. ··GQQd ' gravel . is ,relatively: scarce. 
Sand Qf fa~r quality may be fQund in IQW terraces, sand, flats 
and bars a~ong the river an<l, its ,immediate tributaries; Sand 
depQsits alsO' Qccur in the IQwan drift · area sQutheast : Qf 'SQIQn; 
Sand is sG;:trylj Jp. J4e sQu.~hwestern PQr.tiQ;n of the ~6unty. " 
While the older gray-els are believed to' be present,. they are 
almQst wholly concealed 'by the later drifts. and are, therefQre, 
nQt available.",.'. . ' . c' . . "',' .,: .' 
, ' . 
. STONE. , 
The" 'Niag~r~:b. limestQne ' occupi~s a ' small · trianguiar area 'ill 
the nQrtheast cQrner' Qf" the ·county. ' The-' twO' 'phases ' Qf the 
GQwer stage, well marked in :Qther cQunties,. are represented 
i~ sectiQn2GtJ9pg Cedar river. in ,Cedar tQwns)1ip. _ T4e hard, 
fine-graIned, · sub crystalline, light cteam-CblQreddbIQmite, ag-
gregating twenty ·feet in thic)rness, repre,sents the ' LeClaire 
beds, while th~ ' massive, vesicular; iami~lafed' q.qIQinite', aggre-
gating fQrty f,eet in thickness, is referred to' the AnamQsa stage. 
A cQ~plete section 'of ~h'e bluff which faces Cedar river in 
sectiQns 2 and' 3 in Cedar tQwnsh~p is as fQllQws: 
" " . " '-, ,. FEET. 
5. Loess, arenaceous, light colored .. . .. . ............ . . ' . . " . . . ,".". 2-4 
4. Drift, pebbly, containing a large number qf QowJders .. from 
One to three or four feet · in . di,am,eter . '. , .. . . ' .... ' .' , . . ... . 4·6 
3. Limestone, .laminated, · without definite. partings, .cherty:. ... . ,30 
2. Limestone, yellow, noillaminated, in layers from four to 
eleven inches in thickness. , ........ . .. . ... .... . .. . . . . 10 
1. Dolomite, light colored, subcrystalline.,.. .. .............. 2Q 
Number 1 represents the LeClaire. hQrizQn and is essentially 
a pure d<;>IQ.mit.e admirably. adapted fQr the manufacture of· it 
high gr;lde Qf lime.. Nu~ber.s 2 · and 3 belQng to'· the . Anamosa 
beds and have: ,10,ng.fQu;nd", favQr with . the qua,r'rymEm, :although .. 
the bed.s have never been . developed ,extensiv.ely. . Q~ .aoootrnt :Qf 
lack Qf transPQrtatiQn facilities. 
I ' 
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Rocks of D~vonia.n age immediately underlie, the drift ovet 
more than half ofihe county. Numerous exposures o'ccur along 
Iowa river and its more ' important tributaries. The beds rep-
resented are referred to three well known substages of the 
Devonian. The lowest belong to the brecciated stage of the 
Wapsipinicon and are exposed at only a few points in the north-
eastern portion of the county. These beds have been quarried 
in a small way at Solon and near Elmira. The layers are much 
shattered as a rule, and the blocks obtainable are rough and 
poorly shaped for structural purposes. The stone supplied 
from these beds is of local interest only. 
The Cedar Valley stage is well developed and affords the 
largest number of outcrops. QuarrIes have been opened and 
operated at numerous points. A few, only, are given for refer-
ence. The ,majority of the openings are without transportation 
facilities but show the latent wealth of the county in structural 
materials. A quarry opened south of the old Terrill mill m 
Iowa City shows the following succession of beds: 
TERRILL MILL SECTION. 
FEET. 
,8. Hard, ferruginous, reddish prownsandstone of Des Moiues 
stage, Up~r Carboniferous ........ : ....... . .. :.. .... .. 6 
7: Limestone, whitish gray, fhie-grained..... .......... .... . 8 
6. 'Idiostroma beds, conta,ining' as usual many massiv'e strom-
atoporoids and som coralla of Acervularia ... " ... .... ,. ' 15 
, 5. Limestone, .heavy, tough ledge ..... ... . : ........... . . '. . . 4 
4. Limestone, Ibluish gray, weathering yellow, containing large 
coarse-ribbed' Atrypas and the small branched, small 
, celled CladQPora found at same horizon in Eicher's 
quarry ........... ... ....................... ... ....... 8 
3. Limestone, ,bluish gray, in two ledges, first le(lge containing , 
many crinoid stems ... . .... .... .. ........... ;. . . ... . . 4 
2. Coral reef . . . ... . ....... ...... , .. ... . .................... 2 
1. Limestone, bluish, with great numbers of broken, crushed, 
detached valves of Bpi-riter parryanus and the robust, 
'lax:ge celled Clidopora (0. :iowens~s Owen sp.) described 
as Striatopora rugosa by Hall ..... . . . .... ..... .. .. ... 2 
The coral reef bed is very persistent and constant. The beds 
above ' the reef ' vary considerably. In places they are hard 
bluish gray limestone, in other places, partly on account of 
weathering, they are yellow limestone and in still other locali-
ties they present the appearance of yellow calcareous shales. 
At the old railway quarry on the west bank of the river north 
, 
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of Coralville, th~ following' beds may be seen beneath the over-
"lying loess and drift: 
CORALVILLE SECTION. 
FEE'l '. 
5. Limestone, white ..... . ........... '.. . . . . .. . . . .. . . . .. .. .. 12 
4. Limestone, stratum crowded with casts of StraparoZius 
cycZostomus Hall . 00 .. .. .. • • • .. • • .. .. • • .. • .. .. • • • • .. • .. 1 % 
3. Limestone weathering into thin fragments, containing some 
'specimens o,f Idiostroma and colonies of a cylindrical 
Favosites ............. ... . . . . ........ ' ............. " . 4 
2. Limestone, gray, crowded with Idiosti'oma and other stro-
matoporoids. This with No. 3 represents the Idiostroma 
beds of preceding sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
1. Lim€stone, hard, blue, containing some large coralla of 
Acervularla .. . .......... . ... . ....... . . .. . ............ 4 
These beds were formerly worked by the Rock Island Rail-
way Company for crushed stone. A switch was extended to 
the quarry and a large amount of railway ballast produced. 
One of the most extensive quarry sections may be observed on 
the east bank of Iowa river in the northwest quarter of section 
27, Newpor.t township. The following beds below the loess , 
and drift are exposed : 
9. Limestone, 'brown, with crinoid stems, fl. Cladopora related 
to the form described by Hall as Striatopora rugosa, but 
having the branches and polyp tubes very much smaller, 
FEET. 
and a large coarsely ribbed variety of Atr1(pa reticularis 4 
8. , Limestone, dra.b, granular, no fossils . . . . . . . . . . . . . . . . . ... . . . 8 
7. Coral reef composed chiefly of coralla of Acervularia david,. 
80114 E. '& H., but containing many coralla of Favosites ' 
and Ptychophyllum ... . .... ........ ..... ...... ..... ... 2 
6. Limestone, moderately hard bed with crinoid stems, Spiriter 
parryanus, Atrypa r eticularis, Favosites, CyathophylIum, 
CystiphylIum, etc. . . . . ..... : .... .... '... .. ....... .... .. ll/z 
5. Limestone, shaly, with many small crinoid stems, Ohonetes 
sa.itula Hall, Spirifer parryanus Hall, Tentaculites h01jti 
White, and Monticulipora monticola W<hite ....... . .... , . l ¥z 
4. Limestone, hard ledge with many small crionoid stems, 
, - Cladopora, ptychophyllum and some large coralIa of 
Acervularia ... ... .... . ............ .... .. . ... .... . .. .. 2 
3'. Limestone, yellow shaly bed with Atrypa, Or this, etc. . . . . . 2 
2. Limestone, yellow and gray, shaly, without fossils . . . . . . . .. . 13 
1. Limestone, moderately hard, intersected by a number, of 
oblique joints, light colored, laminated, with many stem 
segments and some perfect calyces of Megistocrinus a.nd 
other species characteristic of the MegistoCl;inus fauna. 
MegistocrinuB beds .,..... ... ..................... .... 15 
\ 
L .... 
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The quarry n.orth of th~ iron bridge.in section 25, Jefferson, 
township, shows some modifications of the succession of strata 
occurring farther down the rlver. The section is as follows .: 
FEET. 
'1.0. Loes!'\ . . ...... .... . . ........... . ...... : .... , ... . ... : .. ' ,' . 2-1.0 
. 9 . .. Pep,blY: drift, Ka~san ." ............ . . .... ..... ' . . ",' . :' . . '. . .. 3 
8. Limestone" decayed, with' bowlders of dhli'n:tegration em'-
bedd,ed· .in highly oxidized dark reddish . brown r esidual 
clay ...... : ..... : ....... , .............. ..... .. -: ... . , . ... 3 
7. Lime.stone, light colored, evenly 'bedded, . fine-grained." .. ,.. 1.0 
6. Coral breccia, oomposed of coralla ' of . Acervularia, small 
cylindrical Favosites, a peculiar Diphyphyllum, a v'ery 
eiongat~ Cyathophyllum, Idiostroma and massive strom-
atoporoids ... " . . :: ...... , ., ........ .... ........... .. : .. : ... 1 5-8 
5. Reef of closely crowded masses of Acervularia . .. . .. '. . . . . . 2 
4. Limestone, regular heavy layers of fairly good quarry stone, 
contai:ning coralla of 1\.cervularia al1.d Favosites sparsely ; 
distributed .... ;. ............ ... . . ...... ... ........... 5 
3. Limestone, blue, in ' la:yers from ' 6 inches to 2 'feet.' thick; , , i' , 
' composed of fragments of 'crin,oids and broken shells of " ~ 
brachiopods .............. . . . ... . ', ...... ' .. : . , . . . . . . . . . 7 
2. Shale and shaly limestone .... ... . ... . . ....... ..... :: .. ... ':' .' . :! : 'llh 
I r " 1 
1. ,Limestone, heavy, blue, with ' concretions of pyrites. : 1 . .'. , • ;2 . , , 
" i " l (, . ! . I \ I ,I ~ : . 
Nearly all of the beds given In 'the above sectio:t;l;s, ~upply WI;I.-
terials suitable for foundations and rough masonry and have 
been so used to some extent at one ,time or. another: ' ., " 
The' uppermostm'ember of the ~bevonian as develpp~d in the 
county has been named tlie State Quarry' Limestone ,by-Profes-
sor Calvin, and, is not known to occur in aily oth~~ ~, C:op.;}ty in 
the state. The formation' is a'ssigned to the, Uppei Devonian 
and attains a thickness of forty feet, and . while it has . been 
recognized at a number of points in the county" it' is 'typically 
developed at the State Quarries, or North. Bend quar.rles, in 
sections '5 and 8.of Penn township. On fresh fra~ture ' thE( State 
Quarry rock is light gray in color. In texture it varies 'some-
what indifferent b~.ds .· ·.l?'!lt near ·the ' middle of the ' formation 
it is composed of coarse,' imperfectly comminuted fragments of 
, brachiopod shells cemented. togethe~, the spaces being filled 
with interstitial calcite. The shells, or fragillents of shells, 
making up the ,li.mestone··are not ·e.:¢bedde~ in:~ ~ matrix but 
are simply piled , on each other and 'cemented. ~, 
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Near-the middle of the formation the rock consists of thick 
ledges which, some years ago, were worked exte.nsi-vrely. From 
these heds came the large limestone blocks used in the founda-
. tion of the new state capitoL Although the ledges show rio defi-
nite lamination, and split ~s readily in one direction as another, 
the weathered surfaces on opposite sides of the numerous joints 
.often show obscure signs of oblique bedding. The chief quarry 
ledge. is five feet thick' and rests on a four foot ledge which is , 
not used. The next usable ledge in ,ascending order is also five 
feet in thickness and is sep~rated from the first by two or , 
three feet ' of talus. The fourth ledge is fouI" feet thick and is 
very fine-grained. Above this the beds range from six inches 
to two feet in thickness; these beds are made up wholly of 
crinoidal remains. Below the first heavy ledge mentioned rock 
is thinly , bedded. 
While there is still"a large amount of excellent material for 
bridge work and massive masonry, available the lack of proper I' 
transportation facilities has caused the temporary abandon-
ment of the quar:ry. 
S AND AND GRAVEL. 
The gravel deposits along Maquoketa river in Delaware 
county are continued into Jones at least as far south as Mon-
ticello: In the northern part of Monticello township terraces 
are not prominent but there are great quantities of sand along 
the riv'er valley. In ,the south half of section 9 the Chicago, 
Milwaukee & Saint Paul Railway has opened up an immense 
pit in these sands. The pit is forty feet deep and the top of the 
bed is at the Same level as the adjoining prairie. The sand is 
fresh, fine and clean, without bowlders, and with no foreign 
pebbles over an inch in. diameter although some chert frag-
ments are mingled with the finer materiaL 
About one-half mile southeast of the pit, in the northeast 
quarter of section 16, a small gully in the roadside shows red, 
oxidized gravels resembling those of Buchanan age. There 
seems to be considerable sand and gravel in this neighborhood 
24 
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FIG. 44-Chicago, Milwaukee .& St. Paul Railway sand and gravel pit. Monticello, 
Jop~s CO.UI\ty. 
but · as the surface .of the. deposit ,blends with the general level 
its extent .cannot . be determined. A little nearer the river is a 
stone quarry in whi~ the stone rises nearly to tbe ~urface whil!'l 
.across the road . a cemetery which . lies between the gravel ex-
\ . ' . 
p.osure and the river. shows gravel, geest and loose rock iIi the 
e:xcavations. It. seems 'probable 'that · whatever peds of gravel 
there are .in this ' vicinity are 'banked against an old rock-walled 
valley and probably do no.t' extend very far b;lCk from the present . 
valley walL " . ~ 
A large part of: the , city of MonticeUo. is built upon a. broad, . 
rather low flood plain.: ' In a few places :B.uchanan .gravels are 
eXposed in excavatiofls-but ·there ·do not seem to be -any well 
ma-rked terraces or other ·deposits. On the left bank ·of the 
river below the lo~er ' bridg€. i~ a large ,terrace deposit and at 
the p·ower plant Mr. H •. ·J .· Lang has <:?pened a pit for the ·pur-
pose of securing gravel for making concrete for reenforcing 
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FIG. 45-":"'Chicago, 'Milwaukee 'So St.- ·Paul san'l Pit, Monticello, Jones county. 
, , i' : ." ' .. ~ : ; , 
the dam. ~ .:L'his grav~l ~:;l '£aid to 4ave givexu~xceUent satisfac- '. .(1 
tion. One part of. c.emeIit .was Jised. to. Elix; or eight 'ofgravet:,(.11 
The pHi E!.b.ows about one, foot i of loam · at the top, probably ; 
chiefly aUuvium, then. one to three feet of sand and clayey:sand.:< .", ' 
Below this . bed -are four to :eight feet ·of gravel considerably, I' , 
staineq, a.~d c.emented with inm oxide in the 'upper part but 'clean ' , < .. . 
below. The coarser material sh.ows a considerable proportion i " 
of lime.stone and chert; and the whole ' deposit is quite irregu- . : 
larly bi dded. T~is gravel bed: he~omes, fi.b.er below .and grad~s ,'. ' 
into. sand at the bottom of the pit. .Both the gravel and the , <.,' 
underlying sand,.litre veTy : fre~' from c]ay .or similar impurities. 
This ,·terraee extends back from the river for several hundred , 
feet an:d also fora c.onsi!ierable . distance along' the valley: ., It '. 
must contain a practically exha,ustlessquantity of material 'of , 
excelle:nt . gua~ity · for road 'aud especially for concrete ·and plas- }' 
tering lPu;rposes. Most of the gravel ' at present .used in the 1 
.. 
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town is taken from the river, but this terrace material is said 
to give better results. 
Gravels and sands occur along Wapsipinicon river ' between 
Anamosa and Hale although not so abundantly as along other 
streams. :Near the northeast corner of section 14 and near the 
center of ' the east line of section 13, Fairview township, are 
exposed beqs of g~avel near the river, and in the wide plai~ 
between Newport and Olin fine sands are spread out. , Similar 
sands are found along the road across the north part of sec-
tion 9, Hale township. -, 
Gravels of the upland phase occur at numerous localities. In. 
the extreme northeast corner of section. 36, Jackson townshipr 
a bed has' been cut into to a depth of several feet in grading 
the road. Similar gravels show along the road leading west 
lmd northwest from Monticello across Monticello township and. 
sections 24, 14, 15, and 9 of Castle Grove township. HE:)re they 
occur OIl the hills and also near the streams. ; \. 
'-.J 
STONE. 
The Ni~garan limestone series comprises the country rock 
over the entire county and excellent exposures may be viewed 
along the principal streams. While each stage of the Niagaran 
furnishes construction ' materials suitable for some economic 
use, the Anamosa stage and the evenly bedded horizon near the 
top of the Hopkinton, furnish the only building stones of com-
mercial importance, . while the har4, sub-crystalline, irregularly' 
bedded LeClaire affords an inexhaustible supply of material 
suitable for high grade limes. . 
The building stone beds of the Hopkinton stage afford some 
excellent material, particularly in the neighborhood of ' Clay 
' Mills, Canton and Temple Hill. Near Clay Mills the ledges 
vary from three to fourteen inches in thickness. The stone is 
generally of good COlO1;, it is firm, compact, without laminre, and 
in the most trying situations, it resists admirably the action of 
the weather. All the exposures of the Hopkinton stage build-
. ing stone are unfortunately located, so far as relates to facilities 
for transportation. Their only use for many years to come 
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will be the furnishing 'of building material to supply local de-
mands. 
The commercial quarries are all , dependent on the evenly 
bedded, finely lamin,ated strata of the Anamosa phase' of the 
Gower stage. The most important quarries of this phase are 
located near the western border of the county in Fairview and 
Cass townships. .... 
The evenly bedded stone in the river bluffs west of Anamosa 
early attracted attention. The first extensive use of it was 
made by the United States army in constructing military roads 
w,hile Iowa was yet a territory. Some of the old bridge piers 
built under the direction of the military engineers, are still 
standing and bear conclusive testimony to the durability of 
stone from this horizon. For some time the qliarries were 
worked on a small scale and supplied o,nly a Jocal trade, but the 
market widened as the qualities of .the stone became better 
known, and long wagon hauls were made in order to secure this 
material for use in structures of sufficient importance to justify 
such expensive methods of transportatiqn. In 1852 stone was 
hauled from what is now Stone City to Mount Vernon ·.for use 
in construction of one of the first buildings belonging to Cornell 
College . 
. Shipm~nts QY rail b~g~n from this lo~ality in 1859, and after 
that time the stone industry of -the region increased rapidly. 
From supplying a very restricted local trade, the business of 
quarrying and shipping stone has grown until it now r~aches 
markets distributed throughout Iowa, Illinois, Wisconsin, Min-
nesota, South Dakota, Nebraska, Kansas and Missouri. Many 
of the most important structures in the several states named 
are built of Anamosa stone. It competes in Chicago and Min-
neapolis with the product of quarries more advantageously 
located, so far as distance is concerned. All the important rail-
ways of' the northwest have used Anamosa i:ltone in the con-
struction of bridge piers. The stone has been used extensively 
i"u erecting the shops and other buildings at the Rock Island 
Arsenal. Iowa and Nebraska have both , used it in building 
hospitali:l for the insane. It meets the requir:em~nts of all grades 
. of architectural, work from the humblest to the highest. ' 
" 
" 
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The An,amQsa ' limestQne varies local1y; but in general it ' is' 'I 
cQmpQsed Qf evenly bedded, perfectly laminated layers Qf impure 
dQIQmite' that 'ranges in cQlor:thrQugh' shades ' Qf-'buff to. gray on ' 
the Qne hand,' 'and almQst white Qn the , other. ' The beds are 
brQadly undulating" but may be practicaliy ho.riz'QntaL ' 'The 
same beds thicken and thin' gradually, but fQr limited distances 
• are essentially parallel faced. ' The stQne splits cmuch' mQre 
easily alQng bedding planes 'tharUn 6ther directions, althQugh 
clay partings are nQtcOmmQn. Verticai jQints ar~ few and fat 
be-tween althQugh mo're nUmerQUS in :sdme" quarries than in 
Qthers. Texturally 'the stQne ,varies considerably, frQm' fine-
grained; cQmpact, nQnla~inated' bedS to' SQmewhat vesicular', 
cQarse~grairi,ed and evidently laminated beds. , At StQne City , 
the AmiIhQs'a'" beds have an aggregate thicknes's, Qf sixty feet ' 
and are divided into. two nearly equal parts 'by a pQr'ou.:s, WQrth: " , 
less ledge: The lQwer thirty feet is knQwn as 'the "gray lime~ , 
, stQne" while the beds in t4e upper half cQnstitlite the "'white , 
limestQne>" -The mQst valuable quarry stQne cQm~s frQm the ", 
lQwer ' Qr-gray limestQne. The upper 'beds are imperfectly ce:' 
mented', "and' tlie cleavage alQng laminatiQn pl~nes is 'mQre per-
fect than 'l in the beds belQw;fQr ' which ' reaSQn the rQck ih tms 
part Qf the quarry tends to. split into. thin ,slabs, and lQng 
eXPQsure' to. ' the ~eather reduces jt to chipst6ne. As ' a cQnse-
quence its range Qf usefulness is sQmewhat 1iinited, 'but it gives 
gQod service when used in Qrdinary masQnry. ,'l1he lQwer 'beds, 
, Qn the 'other hand; lie below 'the level Qf th'e grQund water, are 
mQre perfec'tly ce~ented, and' furnish excellent material fQr 
almQst all kinds Qf 'structural 'purposes: There are ~6me planes 
in this' "divisio'n, hQwever, along which the rQck' is vesicular, 
the cavltie's being ' Qf rather indefinite shape an~ ranging ' up 
to. two. or ' even three inches 'in' diameter. , SQme Qf these are 
decQrated 'with crystals Qf 'calcite 'Q'r quartz ' or bQth. Cherty 
cQncretions ~re fQun~ in the "upper liniestQne. ' 
The ~ost impQrtant quarries ~re lQcated ;rlQng the Wapsi,,; 
pinicQnin' St'Qp.e city' and vicini~y'" a~d a19ng Bu'ffalo creek abQut , 
three niiles west Qf AnamQsa, where the ' State ' quarries are 
~ ," ',~...; t ' • ~ J - ~ • '! • 
lQcated. ' , . 
, - ., •. " - • .. I ~ ,.. ..., . . 
P.LATE XXV-Champion quarry showing track and derrick arrangements and channeler . Stone City. Jones county. Crushed stone 
is the chief product at present. 
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STONE. QLTY. 
Four important companies are operating heTe at the present 
time, as, follows': ' ,, '. ., " -
J. A. Green '& Son; H. Dearborn & 'Sons; 'J: ' A.Eric~son; and 
John Ronen. · . , :: . , ' 
All of the quarries exhibit about the ' saine sequence of beds, 
and all of the coinpimies have about..t,he' saItie::eqm.pment. All 
have railway connections, own and ·use one or more channelers 
(single gang) and 'a , number of , ste~m d~ills~ , ~team derricks, 
. pumps for hydraulic stripping, and a crusher · plant each to 
utilize the refuse. All of the quarries .furnish crushed stone, 
• ~ 1 . r • I • I I lIt '. ( " :~ 
riprap, rubble, bridge stone, flagging, and all grades of dimen-
sion stone. Professor Calvin has ;worked ,out a .detailedsection 
for Champion quarry~N o. 1, .which .fairly, :r~prese:p.ts ~he district 
and also da.ssifies the , variQus ledge~ a,cc()rding . to their, uses. 
The section-is. given herewith .. The quarry, ;wa~ _opened by ;, Yr. 
Green in 1867. 
CHA¥PION QUARRY- No. 1. ,. SEQ:J;'ION .. · 
. . _ FEET. INOHES. 
26. Loess; varying in thickness, m:aximum ~ . . .. :> . . ~ .. ' 20 
25 . . Fine sand associated with loess, the sUb-Ioessia:I 
sand of Norton . . ...... . ........... .. .':: ...... 2-6 
24. Drift and residual 'clay" . . " ... : . . : . . / .. '. ~ .~ . ' ... ' . . ~ '. . . . 1 I' •• ' • 
23: "Shelly stone" the partially decomposed beds of 
th~ upper, 0: w.hite l.imestqne, , b~f~~ ~~.to , t~in . . 
fiakes or chips .. . . .. .. , . .'::: ... . ... : .'.' .. .. · .. : . 2-10 
22. "White stone" splitting readily into smooth sur-
faced slabs, used chiefiy. for ripl;'ap . . : . .. ', ' .. : . .. 16 
21. "Rotten layer," a soft v-esicular ledge of poor qual-
- ity which separates the gray from the .white lime-
stone .................................. . .. . . . 2 4 
20. ' Compact fine-grained ledge, good building stone.. -1' 5 
19. Same as 20 . .. . .... .. ....... .... .... . .. . . . ..... . 1 -5 
18. Ledge of good building stone. . . . . . . . . . . . . . . . . . . . . 11 
17. Same as 18. : .. .. : ........ , ... : ....... .'. : . ........ ... . 11 
16. Upper bridge stone, coarse ..... . .. : .... . ...... '. . . . 2 6 . 
15. Inferior layer containing ma~y small; cavities lined 
with .calcite . ........ .. ...... . . . ... .. . . . . ... . . 1~ 
14. Fine-grained building stone ........ : .. : . .. . ..... ~ 1 1 
13. Ledge containing at base a thin laYer of very fine-
grained, compact limestone, which cracks into 
angular fragments under the -action Qf' frOst (the 
bands of very fine-grained limestone dUJerip.g . 
from the ordinary granular dOlomit'e are 'called 
"fiint" by the quarrymen) ... ·................. 1 3' 
12. Ledge with ba.nds of "fii-nt" .. ... .. ... .. .. . J •• •• •• , 1 . 11 
> 
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11. Solid ledge of good building ' stone. . . . . . . . . . . . . . . . 1 4 
10. Compact ledge, best quality afforded by the quarry 1 2 
9. "Wavy ledge" good for ordinary masonry; the l~-
inre are more or less undulated .. . . · ........... alh-3 
8 .. Good building ledge .. ,. . . . ... . .. .......... . .... . . 11 
7. "Flint ledge/' compact limestone, breaking into 
angular fragments on exposure to weather ... . :!h-1 4 
6. 
5. 
Flagging ledge, easily split .. . ........ : . . .. . . . . . . 1 4 
Ledg~ con~ining cavities lined with crys~ls , ... .. · 1 
4. Ledge ' of good building stone. . . . . . . . . . . . .. . . . . . . . . 11 
3. Lower flagging ledge .. . . .. : .. . ... .. . .. . .. '. . . . . . . . 2 
2. Lower bridge stone ledge, very dur!\oble, though 
occasionally contain.ing cavities lined with crys-
tals .. . ...... . .. .. .... . ..... .. .... . .. . .. .. ...... 2 4 
1. Ledge that may again be split into blocks conven- . 
ient for building purposes . .. ... .. . : .. .. . :. . . . . . a. 
Below the quarry stone there are here, as' everywhere in this 
region, massive beds of the LeClaire limestone. The uppermost · 
ledge· of the LeClaire at the Champion quarry r~nges from two 
3:nd ohe~half to three feet in thickness and was formerly quar-
ried to a limited extent for use in heavy bridge piers. . 
The principal output of' the Green quarry at the present time 
is crushed stone_ Two sizes . are produced and are used for 
both macad;tm and concrete. The crusher plant has a daily 
capacity of eight cars of twenty-two cubic, yards .each . . The 
upper ledges from the west. end are harder than the others, 
are a dark gray dolomite, soDie ledges finely vesicular and gran-
ular with no laminre while other ledges, are distinctly laminated. 
The softer ledges are lighter gr~y to buff. All of the material 
is rather soft for road' w~rk, .but ' gives good satisfaction f~r 
concrete. 
STONE CITY QUARRIES. 
The Stone City quarries were ' opened by 'Mr.H. Dearborn in 
1869. They are now owned and operated by H. Dearborn & 
Sons. They are located near the middle ·of. the' south half of 
the northeast ' quarter of. section 6, J!'3irview. · to~ship. The 
quarry face forms a long sweeping. curve about 'a quarter of 'a 
mile in length and :p.l3a~~fp·ar,aV~l.witli . the ' ~iv:eep of,Wapsipini-
con river that here flows close ·fo the-foot ·of the bluffs in which ' 
the quarries were ' opened. " The quality Of the .stone -and the 
succession of ledges a re essentially the' same-as- at the ' qnarries 
. . ' 
---
-----------
.------ I' , ./ ...-
PLATE XXVI-John Ronen quarry, showing arran gement of tracks, derricks and crusher plant. 
, toO 
Stone City, Jones counti. 
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PLATE XXVII-State quarry, Anamosa, Jones county. This quarry is unique amon'l" th e l a rger quarries of the state in the 
absence of improved machinery. All power is hand power. 
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already described. Overlying the stone is a, bed of IQess, sand 
and drift, with an average thickness of five feet and a mari-
I 
mum thickness of fifteen feet. Some six or eight feet of stone 
at the top of the quarry are to be counted with the refuse, the 
beds being broken into small angular pieces as a result of 
weathering prior to the deposition of the superficial drift and 
loess. These quarries expose the whole thickness of the" gray 
stone" or lower half of the Anamosa beds, above which are 
serviceable beds of the "white stone," or upper half, having 
a thickness of ten or fifteen feet .. The beds are worked out 
down to heavy ledges of nonlaminated LeClaire. The quarries 
are capable of furnishing dimension stone from three to thirty-
three inches in thickness, and of any desired length and width. 
The spalls and other waste matenals from the entire quarry 
are utilized as crushed stone. A Gates No. 5 crusher does the 
work. 
ANAMOSA QUARRY., 
The Anamosa quarry was the first · in this locality to ship 
stone abr0ad, the first shipments ' by rail being made in '1859. 
The quarry was opened by David Graham, but its present owner 
is Mr. J . Ronen, 'who has ·operated it since 1881. The Ahamosa :', 
quarry is located near · the northwest · corner of ' the southwest 
quarter, section 5, Fairview township. Mr. 'Ronen's quarry 'is 
iI;ldeed double, for there are two openings a short distance apart. ' 
At the first opening , the amount of. clay I stripping is very small~' 
Beneath the clay there are a few feet of nonlamin3.ted ' worth-
less rock belonging to the Bertram -stage. Then in descending 
order 'there follow fragmentary beds of the" white limestone," , " 
"shell rock," then the usual suceession of ledge's , down to ' the I I 
lower bridge layer, ' or No. 2 of the Champion quarry section . . 
Owing to the el:\.stward dip of thebeas 'llt this locality, the'lower 
bridge' rock at the second Ronen quarry is' too ·low to be worked, 
the lowest workable -beds being about the level of the " ·flint I • , 
ledge, ." or No.7 of the ' section at the' Champion. , " 
. I , " ~ 
._ STATE Q UARRY" 
In 1884, the present State quatry; or Penitentiary quarry, was:; ·1' 
opened.; Formerly ~the 'stone fot the -peni'tentiary buildings at1.\ ,J 
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Anamosa was obtained from.:wbat is 'known 'as , Qhafllpion 2quarry 
No.2:" In the year namecl :1fue. state ·b'ought .property bil Buffalo 
creek, in the southw.est ~qu-arter. )of ' sectioil 33, Cass -' townshIp, 
and began ope-rating the present quarry. The' qualiTy is worked 
altogether by convict labor. Above the stone; is 'a bed of' loess 
and drift varying in thickness from a:. few inehes: to ten. or. ;twelve 
feet. Bel(;)w the ,drift there ar.e a few ' feet of;, decayed. 'and 
broken ',' shell rock" belonging tOI the upper 'p'art of the "white 
etone,' ~ of the Anamosa phase. Lower i ~n the quarry the ledges 
present the same features as in· cor'responding pa;rts': of: other 
expbsures. The Anamosa beds dip strO'Jilgly ,to I the north to 
accommodate. themselves to the uneven 'upper surface of the 
, LeClaire. ' Most .of. the work at this Jqllarny . isdone! by h~nd . 
. ~here are Severa] )arg~ derri,cks for handling ,the"stm1e,! but they 
are all. ()perated by hand power, The,. State qua~ry uses no 
crusher, but breaks some rock by hand . . Most of the rock is 
used for structural purposes. The spalls and other w'aste are 
, ,. broken up at t~e Reformatory . . Ea~h ; city alld road "district 
of the ~~ate is entitled ~Q ro.ck fro1fl1 this , quarry ;upOI}. payment 
of the£reight. Over twenty,. cars were .shipped' on this account 
in 1908" but the freigh.t is too high to permit of long shipments. 
The Chicago a:nd .. North Western :Railway takes out ripr:;tp and 
similar rpck" .paying $9 per ' car" for its own use. . Ij)irt and 
, such waste from quarrying is given to the road. , The stone is 
. shippeq over , a spur of the N orth Wester!). :&ailway, which runs 
up the valley of ~he Bu:ff.alQ and accomrqodates all the quarries 
in this , part of the Anamosll stone basin. 
Otller quarries have bflen opene~ , i,n the ' ricinity, but show 
no new f,eatnres worM1Y! of mention. 
: In addition to t4e, fo:namosa and Stone City di~tric~, there are ' 
s,everal small are~s where. , the Anamosa beds are , availa ble and 
are being developed on a, small .scale. The tw:o worthy of notice 
are near Olin and Hale. The .. Rummel, quar,ry near Olin in 
Rome township may be taken as a type iin the district. (North-
east quarter of the southeast quarter of S€ction 24, township 83 
north, range III west.) · The quarry is opened in the low buff 
on 'the west side ,of the valley qf Sipyl cree~. , The stone belqngs 
to the Anamosa .phase of the Gower stage' f a~d, except, (hat it 
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is buff in color, it corresponds well with the "gray stone," or 
lower portion of the formation as seen near ,s,tone City. There 
are no definite bedding planes, but the rock cleaves readily 
along any of the planes of lamination. The surfaces of the 
laminre are not so smooth and true as they are at the correspond-
ing horizon near Stone City, but ate irregularly undulated, ap-
parently as a result of wave action at the time the beds were 
forming. The strata dip southeast at an angle of 5°. 
In quarrying, only the simplest tools are used. Drills, crow-
bars, wedges, picks, shovels and wheel barrows make up the 
equipment. The soil or clay overlying the stone is only a few 
inches in thickness. For two or three feet below the soil the 
beds are broken into chips or spalls by weathering. With better 
means for quarrying, the greatest part of the exposure would 
furnish marketable stone. The present method of quarrying, 
however, involves the use of large quantities of powder in a 
single blast. Drill holes are filled, or nearly filled, with powder, 
and the firing of such a blast loosens up great masses which are 
further separated and removed with pick, crowbar and sledges. 
The firing of these great blasts shatters the stone badly, render-
ing much of it worthless, and leaving even the best of it in con-
dition suited for use in only the cheaper grades of masonry. 
Were the demand such as to justify the expense of putting in 
improved machinery, stone of high grade for many purposes 
might easily be obtained. . 
Several other quarries have been opened in the immediate vi-
cinity but present no new features of importance. 
The Hale quarry located near the center of section 11, Hale 
township, three-fourths of a mile east of the village of Hale, may 
b~ taken as a type of the district of the same name. The stone 
in the Hale quarry is finer than that in the quarries near Olin,. 
but it resembles the Olin stone in the uneven, wave-marked sur-
face of the several beds. The stone comes practically to the sur-
face, there being only a few inches of soil overlying the upper 
beds. For about six feet at the top of the quarry the stone is 
much broken and disintegrated, .as a result of weathering. Be-
low the weathered portion the rock is solid, and shows the char-
25 
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acteristic lamination of'tbis horizon. Partings 'between ,the beds 
are inconspicuous. The flexures of the beds and the dip in all 
directions (quaquaversal dip) forming a low dome near the 
north end of ' this quarry, are interesting features. Th,e quarry 
\ supplies local trade only. 
Quarries have also been opened south 'of the town and south 
of the river. An enormous amount of excellent material is avail-
able, but at the present time is not be~ng utilized. 
The following paragraphs describe a few of the principal 
openings of the cou,nty not previously noted~ 
East of Hale about a mile is the O. O. Woodard quarry. The, 
lower beds here are buff, nonlaminated, vesicular ledges, while 
the upper beds are gray, banded, fine-grained dolomite, -slightly 
softer than the lower-lying layers. Waste ,material is taken 
out of the quarry by the township and put on the roads. The 
larger fragments are broken up on the road. The sandy spots 
are being improved in this way . . 
In Anamosa a number of streets have been paved with crushed 
rock mingled with fine material. Surfacing is done with cin-
ders and the result is an excellent, durable roadway. 
Across ,Maquoketa river from Monticello in . the southeast 
quarter of the northeast quarter of section 22, Monticello town-
I:>hip, are the H. J. Lang quarries, both small openings in the 
river bluff. They are located just below the electric light plant 
and are fairly easy of access. One of the ' quarries shows below 
a foot or two of soil several feet of loose and waste rock, which 
in a part of the quarry is mixed with clay, probably geest. This 
ma~erial is said to make a good quality of road metal, as it packs 
well and is durable. It has been. used to good advantage on 
roads in the vicinity. Below this material are six to ten feet of 
very hard, heavy-bedded gray dolomite, coarsely vesicular, 
sug!lry, . containing Oerionites, corals, ,brachiopods and va!ious 
oth~r . fossils. There is a .considerable amount of flint in the 
upp~r layers of the quarry. , 
, ,The rock; of the oth~r quarry is . somewhat softer when 'first. 
removed, but it harq,ens on exposure. Otherwise it is simila,r; 
to that 6f the first quarry. 
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Northeast of town in the northwest quarter of section 23 is the 
. S~umbaugh quarry, sixty feet apove the Lang openings. Its face 
, pre~ents below about two feet of sandy soil fou;r f~et of wa;;te 
rock fairly har<~, s0Irle of it broken up. This has been 1J.sed on 
roads in town and over the, neighboring country, and is sai9. to 
pack well ~nd aff,ord good satisfaction when mixed wit~ some 
dirt. Some of the rock is soft~r and needs no c!ay. Below are 
four to six fe,et o{ solid gray rock used for buildings. The 
quarry is located on the hill by the roadside and is very easily 
reached. 
Immediately below the bridge, on the north baIik of the river, 
on the west line of section 15, is the Rickell quarry, which lies 
at' approximately the same level as the Lang quarries. The rock 
here exposed is a gray sugary dolomite, vesicular, with numer-
ous flint nodules, some of them quite soft, between the layers. 
Stratification is better developed here than in the Lang quarries. 
On top are six feet of waste rock with very little soil. At the 
time the quarry was visited (October, 1908) the quarry was 
being exploited for the purpose of obtaining macadam for use 
on the' streets of Monticello. 
At Oxford Junction waste rock from the Niagaran has been 
used for street improvement, apparently with satisfactory re-
sults. 
KEOKUK COUNTY. 
SAND AND GRAVEL. 
Sand and gravel 'deposits are found only in the channels of 
the present streams and then only in small units. Both branches 
of Skunk river are in the old age stage, and as a consequence 
are characterized by mud banks and flats. The tributaries of 
Skunk river and South English river and its tributaries carry 
some sand and gravel-mostly dirty sand which is used locally 
and serves a useful purpose.. The individual deposits are small 
and widely scattered, but when considered in the aggregate, are 
worthy of consideration. Extensive improvements which re-
quire ,sand and gravel in quantity must depend on outside 
sources of supply. At. present Eddyville is the chjef source. , 
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STONE. 
The Osage limestone is believed to occupy a triangular 'area 
in the northeast corner of the county and several patches a~e 
known to occur in the interior of the county. The most im-
portant outcrops may be seen along Rock creek and Skunk river 
north to northwest of Ollie. The formation rises forty feet 
above the river. The stone varies from light brown or white to 
gray in color. It is medium to coarse-grained, subcrystalline, 
and lies in ledges usually three to ten inches in thickness, sep-
arated by clay and chert bands. It is highly fossiliferous, often-
times consisting largely of a shell breccia and fragments of 
crinoid stems. The most extensive section occurs in the vicinity 
of Manhattan Mills. The following sequence was determined by 
Bili: ~~ 
7. Soil and drift of indefinite thickness ...................... 2-40 
6. Sandstone, quartzose, in part calcareous, soft, yellow.. . . 11;2 
5. Limestone, finely !brecciated......... .. .... .. ............. 1 
4. Limestone, compact, gray, cherty... .. ... .. .. ....... . ..... 20 
3. Limestone, earthy, 'brown, containing numerous chert 
nodules .............................................. 16 
2. Limestone, coarsely subcrystalline, blue and gray in color, 
fossiliferous, in ledges 9 to 20' inches thick, separated by 
shales 6 to 8 inches in thickness; bands of chert nodules 
3 to 10 inches thick near the top....... ... .. .. .... . ... 26 
1. Limest<lne, as above .. .. . ....... ... .. .............. '. . . . .. 14 
Numbers 1 and 2 in the above section belong to the Osage, the 
first being exposed in the Weber quarry near the mill, while num-
ber 2 eomprises the chief formation in the Oook quarry. Number 
3 is referred to the Springvale beds, and outcrops above the 
quarry tracks, while numbers 4 to 6 inclusive belong to the Verdi 
beds of the Saint Louis stage and are exposed along the old 
right of way leading to the Oook quarry. 
The railway switch has long since been abandoned and the 
steel removed. Quarrying is carried on, only to supply the local 
demand. In a local quarry still ~n openation, the following beds 
are displayed: ~T. 
4. Loess, wa.ste 'a.nd drift .. ....... " . . . . . . . . . . . . .. . . . . . . . . . . . 1-5 
3. Limestone ledge, similar to number 1. . . . . . . . . . . . . . . . . . . . . . 114 
2. Limestone, thinly , bedded, concretionary and cherty; shaly 3 
1. Limestone, blue-gray, evenly 'bedded, about five ledg'es ex-
posed, varying from 6 to 12 inches in thickness; some-
times there is a shaly parting near the middle; fossilif-
erous ... . . . .. . .. ..... . ............ . .. . ...... ..... .... 3 
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Numbers 1 and 3 afford· a good quality of stone for coursing 
and rubble work. The several other exposures of Osage lime-
stone present no new features. 
The' Saint Louis limestone immediately underlies the drift 
·over three-fourths of the county. While its three divisions are 
represented, only the Verdi beds are of sufficient importance to 
merit consideration commercially. The Springvale beds have 
been recognized at Springvale Mills, in the upper portion of the 
Cook quarries north of Ollie, and at one or two other points 
along Skunk river. These beds comprise a blue, earthy lime-
stone of marked shaly character, which weathers readily into 
a soft, brown to buff limestone. It is magnesian and often pre-
sents· an arenaceous facies. Clean cut exposures are rare on ac-
count of its weathering properties. The beds occasionally pre-
sent a pseudo-conglomeratic character as seen in the Cook quar-
ries. They rest unconformably on the Osage limestone, and ag-
gregate twenty to twenty-five feet in thickness. 
The middle member of the Saint Louis, the Verdi beds, covers 
the larger portion of the county, and affords the principal lime-
stone outcrops, and the only limestone quarries in the county 
with the exception of those northwest of Ollie. Typical expo-
sures may be viewed along both branches of Skunk river, Eng-
lish river, and along the creeks north and west of Sigourney. 
The beds present comprise fine-grained, light colored, calcare-
ous sandstones in bands two to six feet in thickness, interbedded 
with the limestone. In places, however, clean sandstones of much 
greater thickness, up to thirty or even forty feet, with limestone 
above and below, are seen. The most usual type of limestone is 
of a light ash to buff color, fine-grained, exceedingly compact and 
hard, almost cherty in character. This is the limestone found 
interbedded with the sandstone. A second equally well known 
type cemprises the brecciated beds. In these beds, the limestone 
is broken up into irregular fragments and cemented together, 
the whole forming a ili;stinct calcareous conglomerate or breccia. 
The usual.cementing material is calcareous, though ferruginous 
materia:lis sometimes present. The rock fragments appear to 
possess the characteristics of the Saint Louis limestone itself. 
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:Wh:eY. .v.ary ·gr.e~t) .. y ·in .si~e, ranging Jr:o~:t;:rgrl:\i~s a fractiQp., .91= an 
j~~l1. in di~metE:)r to slap~ .and bfock,s .four feet long. ~I\d .. s~ .. to 
eight inches in thickness. The br:e~ia.te<i ~lqckf! a~e uSu~UY. 9ne . 
. ,or twP. inGhes.in ,diameter. Local J,mcomformities, false· b~dding, 
,and: other' irr,egillarities ·are riot uncommon s:tructural features. 
.... I • . • • • • 
A .few of ,the numerous sections exposed. are given below and 
, ar,eb~lieve.d: to, be fairly representative . 
. ' ! Thfdollowing .beds are exp'os.ed·in a railway:cut about one and 
'a :half miles west of Ollie~ 
. , Flj:ET. 
7. Soil 'and bowlder day ..... .. ............. :. . ... . . . .. . . ... 1() 
6. Sandstone, cros~·bedded, yellow, fine-grained; becoming 
. harqer for 'six ~nc~es and <l:ppar ently c.aicareous below. . . . 6 
5. Limestone, . compact...................................... ~ 
4. Marl and limestone .............. : . . . . . . . . . . . . . . . . . . . . . . . . lh 
3. Limestone, fine-gr.ained, 'grading into number 2. . . . . . . . . . . . . Y3 
.' 2. Limestone, finely brecciated, in places almost oolitic. . . . . . . . 2 
1. , Limestone, compact, exhibiting conchoidal fracture, exposed 
to track ...... ' .' ............... . ... . . . .... .... " .. . . . . . 6 
Several small quarr,ies have been opened from time to time 
along Sugar creek near Showman station. Here the 'beds ·are 
very irregular' and false bedding on a large scale is well shown. 
A typical section is about as follows: 
FEET .. 
6. Soil and drift of varialble thickness ........................ 0-30 
5. Limestone in fairly even ledges .. . ....... ... ' . . . . . . . . . . . . . . 4 
4. Talus, shale or marl. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
3. Limestone in heavy ledges, shaly 'below, shows a decid'edly 
concretionary facies when weathered .. .. .. ... ........... ' 4 
2. Limestone" hard ledg·e, s'eparated from number 1 by a shaly 
. parting, brittle and compact .... '. . . . . . . . . . . . . . . . . . . . . . ... 1lh 
1'. 'Sandstone, cross-bedded and uneve:nly indurated, dip of bed-
ding pla.nes inconstant, but ranging up to 35 degrees. . . .. 10 . 
, Number 5 furnishes the principal quarry rock 6f the neigh-
:borhood . . Number 2' apparently rests uncomformably upon num-
'ber 1. 
. . Nu~erous ' small. quar:ries have been w.orked at one time or 
. 'another ' nqrth and west df Sigour:ney. The 'Miller quarry, locat,ed 
:about two mile's' north o·f·town, may be hlkem as an example; 
\ . . '. . 
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PLATE XXVIII-a. Near view or 'quarry face, Tracy, Marion county, showing Pella 
beds. 
b. Miller quarry, about two miles north of Sigourney, Keokuk 
county, showing Pella beds. 
I c. Local unconformity in Verdi b eds, near Showman station, 
K eokuk county. 
. l 
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FEET. 
4. Soil and drift almost nil at the qu.arry 'face, but thickens 
greatly in the bluff ........ .... . . .. . : .. '" ....... . .. ; ... 2+ 
3. Limestone, similar to number 1, with arenaceous to argilla-
ceous partings; less evenly.'bedded than 1 and weathers 
concretionary ; calcite lenses and nests present. . . . . . . . .. 3-6 
2. ,Sandstone, with shaly partings, fine-grained, and but siightly 
indurated ... . .... ..... . ..... ... .. ..... . .... ... .... .... 2 
1. Limestone, hard and compact, gray, evenly bedded, beds 
ranging from 4 to 12 inches in thickness ; numerous pyritic 
balls present, mostly weathered to limonite.......... 6 
The beds dip strongly to the east, and do not appear to be 
persistent in character. The stone crops of the region appear 
to rise about forty feet above the creek. The sandstone as a rule 
is the most conspicuous member, is heavily bedded but imper-
fectly indurated. 
Outcrops in 'English river are less common than along the 
Skunk, but are in a general way, repetitions of those already 
gIven. 
The quarries of the county, while numerous, are small and 
without exception are of local importance only. The stone avail- . 
able.is, as a rule, rather soft for road work, but is fairly satis-
factory for most kinds of concrete construction. 
KOSSUTH COUNTY. 
SAND AND GRAVEL. 
Kossuth county lies entirely within the area covered by the 
Wiscons in glaciers. The sand and gravel deposits are of two 
kinds, pockets in the drift hills and gravel trains along the 
streams. 
Stream Terraces.-By far the greater part of the streams of 
Kossuth county are younger than the youngest one of the drift 
sheets which were responsible for the gravel trains in northern 
and northwestern Iowa, and are devoid of deposits of this kind. 
Such gravel terraces as are to be found in-fhis county occur in 
the Des Moines valley in the few miles between Algona and the 
Humboldt county line. From a point about two miles south of 
Algona to where the river leaves the county its channel has been 
choked with gravel. ' Just at the south edge of the town of Ir-
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viri~ton, the Ohic,ago & N ol'th Western Railway has removed 
enormous quantities of gravel for ballast from the terrace on the 
east side of the river. This pit is now abandoned, but an open 
face some forty feet high may· still be seen. The gravel here con-
tains much limestone and sJ?ale and a large proportion of sand. 
It is still being used to a considerable extent in a local way, and 
large quantities of road and concrete materials can still be ob-
tained. 
At Irvington the river turns abruptly west for two or three 
miles, and the north bank is a huge gravel bench. Where the 
road crosses the edge of it on the west line of section 36, Oresco 
township, a coarse, somewhat dirty, iron-stained gravel is ex-
posed. This same material may be seen everywhere along the 
road on the north and west sides of section 36. The terrace is 
about forty feet above the river, and has an area of one and a 
half totWo square miles. 
On the south side of the river in sections 1 and 2 of River-
. dale township there is aiso much graveL The road here crosses 
a bench not more than half as high as that on the north side, and 
gravel has been plowed up in building an approach to a bridge. 
'fhis bench seems to be continuous practically all the. way 
through section 2 and the east half of section 11, Riverdale town-
ship. On top of it the fields are .dry, the crops reported as being 
always poor, and indications would seem to show that practically 
the whole of it is gravel. Through sections 13, 14, 23 a1J.d 24 of 
the same township gravels occur almost everywhere along the 
road, and the latter has been surfaced with materials taken 
largely from shallow excavations. 
These gravels have been opened in various places all along 
the river. In the pasture north of the school house at the south-
east corner of section 26, Riverdale township, is a small pit which 
. shows -four or five feet of coarse dirty graveL This pit will 
doubtle~s furnish 'ample supplies for all purposes within several 
miles. . 
As has ·been remarked before, the other. streams· of the county 
are devoid of gravel and sand. The source of tliese streams is 
almost invariably a swampy or; D;larshy depression, . anq. they 
seek their wa.y among the drift hills as best they can. 
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:Misc.e'Uaneous Deposits;~Kossut~ county" i~ cov~red: ove; 'i~s 
whole
' 
area: with· Wisconsin drift- clay. As to the possibilifi of 
:fhidin~r pockets or cappings' of gravel.in the hills of" gli:LCji:tl till; : 
Macbride t'old the whole story when he said: "Occasionally the ' 
typical Wisconsin' bowlder clay gives place to piles and beds of 
sand or gravel, out this 'is unusuaL" ~ 
LEE COUNTY. 
SAND ANDG:&A VEL. 
,, ---~' 
bee county is bordered by three large rivers, the Mississippi~ , 
the Des' Moines ' and the Skunk. All. are in advanced stages of 
development and, capable of handling orily the finer materials. 
As a- consequence sands of va:rious gr.ades are abundant while ' 
gr.a:v.els are ' scarce in and along these streams. , Some ' of the ' 
tributary' streams 'have accumulated, coarser materia,ls; but the ' 
stream· gravel beds are in comparatively small units and',widely 
' scattered. Sufficient ,of. th~s~ ' materials ' can usually be obtained , ' 
for~he local demand within reasonable distanqes, but nq deposits 
large enough to supply gravel by the train load a~e knoWn in the 
coun.ty. Intergl;:LCial. gravels are usually. too much obscured to 
be considered commercially available. ' 
STONE, 
, " , .. ,,' '" ,',' " '/"1 
, The Osage lime~tone comprises a very co~sider~ble ptr:~~?:~· ?r 
th~ :country rocks m Lee'county and forms the greate'r 'p,art of tlie 
vertical extent of the bluffs on an of the streu.ms' bordertn!tth~ , 
county. In the inter'ior it is largely overlain by the Saint Lohls ' 
and the Coa:! Mea sures. ' ' , " ' :" 
. ' " ~ . , ...•. 'I . '" , 
It includes q:uite ' a' diversity of beds which for convenience' in 
di,sc~s~ion' are, diVIded into three groups of Ihne'stones', wiiic4 ar~ 
separated' by shales-and chert beds. 'The' lowest m~mber-l,s g~m- ,: 
e;rally know:n: as the Burlington, wi,iich many''lnves'tigato~'s h;ave, 
di-\rided1into Upper' and Lower'Burlington: ' Thjs 'is sep&rated, by , 
che,rt beds! froJ;ll .th~ middle memb'er', the Ke9hl i.iiriest'one~ ~hich , 
ip. . turn.-, is sep,a:ra ted' by' ~ha:les'· and geode 'beds ' from tlie ' Jli>per~ 
mdst irrern.be:r; k~:Own as ' the Warsaw. '" , ': ' . , . "I,: 
, .. ,. .:~. . , " " '.') , ". ~ ': ~ ~/:l ~ ~;rJ:.,:·f'~ 
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The t.ower Burlington, while composed in part of heavy beds 
of subcrystalline limestone, is unimportant in the' present. con-
nection as it comprises only a nar'row strip along the base of the 
Skunk river bluffs north of Wever and a few miles east of the 
town of Augusta in the northeastern part of the cOllnty. 
The Upper Burlington is very similar in character to the 
Lower Burlington, but usually occurs in thinner beds and carries 
a greater abundance of chert in irregular nodules and thin bands. 
The Upper beds are best exposed in the bed of Skunk river at 
Augusta. The flinty beds of the Upper Burlington are some-
tin;tes called the Montrose cherts. They appear along Mississipp'i 
river from Montrose to Keokuk. Between these points they con-
stitute the bed of the river and cause the obstruction to naviga- , 
tion known as the Des Moines rapids. While both members of 
the Burlington afford good material for constructional purposes, 
neither is sufficiently accessible to merit extended notice. 
A quarry has been opened in the Burlington limestone, west 
of Wever. The beds worked are as follows: 
FEET. 
5. SQil and drift. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
4. Lim~st.one, brownish, thinly bedded, with some chert, en-
crlnlta! . .... . .... . . .... . . .. .. . .. ....... . . . .. .. ........ 1% 
3. Lim€stone, white, rather soft, somewhat cherty in places . ... % 
2. Limestone, yellowish ,'....... .... ... .. . . ..... .. ... .... .... 2!;3 
1. Lim€stone, hard, brown, Em{)rinital, heavily bedded, exposed 2 
Other openings have been made in the near vicinity, but while 
the stone is durable and pleasing in appearance, the aggregate 
annual output has never been large and is practically nil at this 
time. 
The Keokuk beds are typically developed in Lee county, but 
at the same time their surface area is relatively small. These 
beds occupy the larger portion of Denmark township and a part 
of Washington. In addition thin beds are exposed in the bluffs 
facing all of the larger streams. Along Des Moines river, while 
the Keokuk is present above the water line, it is largely obscured 
by heavy talus slopes. In general the formation consists of 
twenty-five ~o forty feet of coarse-grained, bluish, often crin-
oidal limestone, overlain by rather more than thirty feet of 
shales, generally known as the geode beds. Chert is quite preva-
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lent through the limestone, while some beds are somewhat argil-
laceous and from these two causes, many of the layers are unfit 
for dimension stone, but are serviceable for cr,ushed stone pur-
poses. The hest layers for dimension stone are known as the' , 
"White ledge," which is quarried in Keokuk and vicinity. The 
heaviest heds and thinnest partings are near the base, while the 
beds become thinner and more argillaceous in character near the 
top, grading into the geode beds above. ' (See plate XV, a, page 
227.) 
, The geode beds are of small importance in the disc'!lssion of 
"quarry products" save as a possible source of shales suitable 
for use in the manufacture of Portland cement. The lower half 
is made up largely of more , or less indurated calcareous shales 
with SOme chert and occasional bands ' of limestone, graduating 
downward into the limestone below. The upper h~lf is more ar-
gillaceous, sometimes slightly arenaceous and less calcareous 
and slakes more readily und~r weathering influence than the 
lower portion. The siliceous and calcareous concretions give 
' name to the formations and are quite generally, although not 
universally, present in southeastern Iowa. 
The Keokuk limestone has always been a large contributor to 
the stone output of the county. Numerous quarries have been 
opened, and it is this horizon which affords the greater portion 
of ,the quarry rock in the vicinity of the city of Keokuk. As a 
rule the formation is compact, rather 'hard, often subcrystalline 
rock, of an ashen or -bluish gray color. It presents an even to. 
conchoidal fractur.e. 
The Warsaw beds comprise a buff magnesian limestone at the 
base, in a massive layer often ten to twelve feet in thickness; 
'blue arenaceous shales with intercalated limestones in thin bands, 
and at the top a buff, sandy limestone locally oolled "sandstone .. ' r 
These beds are typically developed at Warsaw, a town five miles 
below Keokuk on the Illinois side of the river. 
'The quarry rock of the Warsaw is chiefly a magnesian lime-
stone ' containing some ' sand and small pebbles. It is generally 
called sandstone. The principal quarries are located at Sonora 
on the east side of the river. The rock occurs in a massive layer 
ranging from six to twelve feet in thickness, is bluish to yellowish 
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in ' color when first taken aut of tl1e quarry, but, on exposure to 
the weather for" some time, it changes to a buff or brown. The ' 
stone has been uS,ed in the building of the locks and many of the ' 
most important structures in the city of Keokuk. It has also ' 
been: used iil pier and bridge work. ' It is very durable and highly 
prized ' for all grades of dimension and cut' stone work: ' The 
principal quarries iIi the county are located near the city of 
Keokuk, within half a ,mile of the railway bridge crossing Des 
Moines river, and near Ballinger, above the city along Missis-
'sippi , tiver. ' , 
Of the numerous sections of Osage available, only sufficient are 
seleCted to iilustrate the principal features of the b~ds; There 
is im 'almost continuous outcrop ' of these 'beds in and about the ' 
city Of ' Keoklif and facing the principal streams on the ' three ' 
sides of the c.ounty. ' ' 
The Tigile quarry', a short distance west of the Rand lumber 
yard, is one of the' oldest openings in the Vicinity; It has been 
in ~peration for more than foity years. The section is as fol-
lows: ' " , .. ' , " 
FEET. 
4. ,Soil and drift .. .. . , .. . , , , ... ......... . ... , , . , .. , , ... " .. . 8 
3. Limes'tone, thinly bedded, with considerable ca1careous shale 6 
2. Limestone, 'more massive than 3 .... , . , , . , .. .. , , , ... . : . . . . . 9 
1. Limestone, rather sandy, with shaly partings, exposed to rail-
,way track , .. .... .... ..... , ..... .. .. , .... , .. ............. 14 
In the west part of the city of Keokuk, along Soap creek for 
a 'distance Of fully one mile, quarries have been opened at a num~ 
ber of points. The section exposed near the mouth of Soap 
creek 'is 'given below': 
'FEET. 
'8. ' Soil and drift of varlruble thicklIless . 
. 
7. ' Shale, 'cherty .... .. , ......... , . ... .. ' ,' ........... , ... ' ... . 6 
6. , Shale, calcareous, with intercalated 'beds of limestone; some 
. geodes ' present .... .... . -... ': ...... -..................... . 8 
5, Limestone, dra,b; impure, heavily bedded, shaly below. " . . .. 12 ' 
. , 4, .Limestone, ligh,t colored, with nodular .masses of chert; the , , 
, "wliite ledge" .. : . ' .. '.' ... , , . '. , , , , .. " . ', , , , .... . , •. , , .. .. , . . : .. 3 
3. 'Limestone, argillaceojis and massive, with spheroidal masses 
of calcite, sometimes carrying millerite .. , .. ' " , " " .. ... . 
2, Limestone, coa~se, gray, encrinital, cherty ...... , ... , ...... . 
1. . . Limestone, :with chert in irregular beds: expo'sed ... , . ~. : -: . : , : . ' " 5 
5-6 , , 
3 
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North of the city about one-fourth mile north of Ballinger 
J:itation on the Chicago, Burlington & Quincy railway, the Tucker 
and McManus quarry displays the following beds: 
FEET. ' 
. 7. Soil, loess and drift ................ .. ... . ......... .. . " ... 0-10 
6. Limestone, weather·ed, soft, yellowish above, blue-gray be-
low; yields some rubble where protected; somewhat 
cherty . .... . ....... . ................. .. . ..... ... .. .. . 10-15 
5. Limestone, shaly....... .. ............. .. . .... ....... . ... . 1 
4. Limestone in two heavy beds, the upper about three and 
the lower 3lh feet in thicckness, . separated by a one foot 
shaly parting ; fossiliferous and subcrystalline .. . .. ... . 7% 
3. Limestone, cherty, subcrystalline, similar to 1, somewhat 
irregularly .bedded ; where sufficiently free from chert 
yields good rubble stone ............... , . . , . . .. . . . . . . . . . 8 
2. Limestone, e'V'enly bedded, gray-blue, su'bcrystalline . . . . . . . . . 1J;3 
1. Limestone, chert present as bands and nodules, irregularly 
distributed throughout, ex·posed. . . . . .. . .. . . .. .. .. . . .. . . . 6 
In this quarry the beds dip to the northwest. Numbers 2 and 
4 furnish the best dimension stone. Only hand methods ' are 
used in quarrying, although a steam drill is employed. Power 
for drilling is supplied by an ordinary traction engine. The 
waste stone is loaded in cars with removable beds. The car beds 
are swung up to a Gates crusher by means of the only derrick 
used in the plant. All of the stone below the weathered zones is 
utilized. The cr:ushed stone is graded by being. passed .through 
a cylindrical screen. Storage bins are provided for the larger 
sizes. The dlist is removed by a belt conveyer and dumped on 
the ground. In addition to crushed stone, rubble and dimension 
stone are produced. 'This is the most important quarry in the 
county at this time. 
The Saint Louis limestone comprises some of the most impor-
tant rock formations in Lee county, occupying about one·-third 
of its superficial area. Numerous outcrops appear along the 
streams in West Point and Franklin townships, and in the bluffs 
below Montrose. on the Mississippi and along the Des ~oines 
above Sand Prairie. 
According to Keyes and Gordon, the Saint Louis consists of 
a lower magnesian or somewhat sandy limestone, grading at 
times into ~ calcareous blue sandstone and an upper white com-
pact or granular limestone.· A brecciated zone often separates 
the two members. ·· FTom a study of. the· field relations of the 
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above beds and those already discussed under the head of the 
Os-age, it w~>uld appear that the upper or so-called Warsaw beds 
of the Osage are the same as the arenaceous member of the Saint 
Louis of Keyes and Gordon. Whatever the taxonomic relations 
of these beds may be, both members of the Saint Louis as given 
above are quarried to some extent, the limestonebein'g the m'ore 
highly prized, in the numerous outcrops available. -
The sections given below give Ii fair picture of the ' leading 
characteristics of the beds. 
A mile west of Sand Prairie the :Saint Louis appears in sev-
eral ravines opening into the D~s Moines valley, and 'from these 
some stone has been produced for local use. One-half mile above 
Hillsdale, the Santa Fe Railway worked extensively years ago. 
The section is shown as follows: 
. FEET. 
6. Soil and drift. .................... ..... ................ . -. 6+ 
5. Limestone, brecciated, with pockets of green clay, sometimes 
rudely and coarsely stratified .... , " ............ , . . . . ... 3'0 
4. Limestone, blue, encrinital. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
3. Shale, blue, calcareous .......... ... . , . . . . . . . . . . . . . . . . . . . . . 3 
2. Sandstone, blue, calcareous, with discontinuous beds of blue 
shale; the principal quarry rock ... . ... ... ..... " .... . .. 8 
1. Shale, blue ..... . .... . .............. . ................... " 15 
The stone was used largely for bridge work; the rubble and 
small sizes were put through the crusher. 
Just below Belfast some quarrying has been done. The stone 
was used largeiy by the Chicago, Rock Island & Pacific Railway 
for bridge work. The section quite clos'ely resembles tbe Santa 
Fe quarry, though the sandstone horizon was more extensively 
developed. The section which may be se.en at the present time 
is as follows: 
. BELFAST SECTION. 
FEET. 
5. Soil and drift, which thicken considerably back in the bluff, 
variable at the face. 
4. Limestone, earthy, yellowish, gray to blue-gray; weathers 
clayey; probably attains much thickness in the bluff, ex-
posed . ............ .. .......................... ... ..... 4 
-3. Limestone, brecciated and concretionary and shaly, in places. 
The concretions appear to be compact, brittle, blue, lime-
stone, uniform neither in thickness nor in appearance. . . . 4 
2. Limestone, arenaceous, especially below, fossiliferous; gray 
to blue-gray; thinly bedded, although bedding planes are' 
. not apparent .. ...... . . .. ' . ........... .. ... ' .' . . . . . . . . . . . .. . -8 
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PLATE XXIX-a. Abandoned Santa Fe quarry east of Belfast. 
b. Principal quarry section southwest of Mt. Pleasant. 
c. Geode bearing shale, west of Farmington, Van Buren county. 
26 . 
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LEE 'COUNTY 
1. S'andstone, calcareous, or limestone, highly arenaceous, in 
heavy beds up to five feet in fresh exposure; beds rather 
uneven and show some tendency to wedge; cross-bedding 
FEET. 
is evident in places, exposed .......................... 12 
403 ' 
The base of. the. section is about four feet above the railway 
track. No quarrying is being done at the present time. About 
a fourth of a mile below the railway station in Belfast, .twenty 
feet of plastio -shales are exposed along a small creek entering. 
the Des Moines from thi3 east. ' The shale appears to be quite . 
·uniform in character throughout and lies clearly below the beds 
in the above sections. The section continues about one 'hundred 
yards up stream, where it is obscured by talus. · Near the east , 
end of the outerop, a weathered caprock appears at just about 
the , level ·of the Chicago, Rock Island & Pacific railroad track. 
'fhe, depth of the shales below the stream channel is unknown. 
Exposures of Saint Louis continue up Des Moines river but 
almost no 'quarrying is done at the present time, ana no new· 
phases are' shown. 
'One ot theb.est sections exposed in the 'interior of the county is 
located alongSuga~ creek about one and a half miles 'east of ·the · 
iowD. of Fri:ui.klin: , The following beds aTe exposed: 
GRANER QUARRY. 
FEET. 
10. Drift .. . ................................................ 1'0' 
. 9. Limestone, wh ite, ' granular, oolitic, even-textur,e'd, more or 
less distinctly cross-bedded ........... , .... , , , ... , . . . . .. , 8 
8, Limestone, subcrystaUine ...... , . . . , ... '.'. , ........... . , " . 2 
7. Liinestone, blue, concretionary .. , , , , . , ........ , . . , . . . .. : . . 1 
", 6. Shale, blue . ............. , ....... . .... ' ....... ' .' ... ..... .. . . .. '%, 
5. Limestone, granular, oolitic ~ .. .. . .......... '" ..... . . , . " " 6 
4. Limestone, brecciated ..... . ..... ........ .. ...... .. .' ... ,. . 10 
3. Limestone,'brown, arenaceous. . . . . . .. . . . . . . . . . . . . . . . . . .. . .. . .. 8 
'2. Shale, blue .. ' .......... .......... . ...... . .......... : .... ' .. 10 
1. ~Sha~e, blue, with geodes, .................... , . ... " .... . .... 20 
Beds' 5,7 and 8 dress well and have been used'in maki'ng t~nib­
etones. Number 3 has been used for all kinds of rough masonry 
and for bases of monuments. All the layers were ii'sed formerly 
for 'ma'mifacturing lime; but number i was the best-for ' this: pur- ' 
po·se' . . ' . ' .... . . . '. , . ", ',' ,I 
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LINN COUNTY. 
SAND AND GBA VEL. 
There are extensiv.e bo.dies of upland gravels in the neighbor-
hood of Viola and Springville. Several of the hills south and 
east of Viola are capped with Buchanan gravels and these are 
said to extend several miles northwest of the town. Three miles 
to the northwest the county owns an acre of land whence consid-
erable gravel has been removed for road makip.g. A well sunk 
near the county line about a mile east of Viola is reported to . 
have penetrated thirty-seven feet of gravel. Underlying the bed 
a brownish hardpan was encountered. The gravels also extend 
to the southeast as far as Martelle in Jones county. 
A large pit has been opened on the west side of the road about 
one-half mile south of Viola, in the ' southwest quarter of sec-
tion 13, Brown township. Part of the pit is owned by the county 
·and part by Mrs. Rosella Corbett, who owns the adjacent land. 
This pit shows, under one or two feet of black loam, about three 
feet of coarse gravel with which is mingled considerable clay, 
enough to give a sticky feel to the moist material. Some of the 
pebbles in this layer are from two to four inches in diameter, but 
many of them, especially the granites, are badly decayed. Be-
. low . the gravel are exposed four to five feet of finer sand, with 
some clay. This layer is very much reddened a~d its iron con-
tent oxidized. In several places streaks of dirt are shown in the 
pit. This material must be contemporaneous in its .deposition 
with. the sands. 
T~e material from this pit has. been ' used on the , streets in 
Viola and gives excellent satisfaction. The clay serves as a 
binder 'and assists in packing the roadbed and keeping , it free 
from dust. The county hauled out about twenty carloads in the 
summer of 1908, chiefly for use on the boulevard between Cedar 
Rapids and Marion. The gravel ' also gives good results in con-
crete work. 
Very little stripping is required to reach these gravels. There 
is no loess overlying·those in the pit just described and the same 
holds true for a small pit across the road and a few hundred 
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yards eastward. A small exposure on the south edge of town 
has a little loess covering and some loess is seen along the road-
side. ' 
Along the road between sections 15 and 22, Brown township, 
the gravels are exposed and in the southwest corner of seclion 
16 is a large pit opened i~ gravels similar to those at Viola. 
Under a foot of humus are found six to ten feet of irregularly 
bedded, alternatingly coarse and fine gravels very much red-
dened and iron-stained, and with ,the gr,anite pebbles badly de-
cayed. Local 'seam,s of clay are present, but there is not so much, 
apparently, as in the Viola deposit. At the bottom of the pit 
is a fine red sand, rather incoherent and breaking down quite 
readily, while the ,coarser gravel is somewhat indurated and 
stands up fairly well. There may be some clay as well as iron 
present. The gr'avels have been used on the roads near Spring-
ville and in most cases with excellent results. The roadway is 
firm and hard and fairly free from dust and loose sand. Where 
the cleaner sand was used, how:ever, the roadbed is still soft and 
dusty. 
STONE. 
The Niagaran limestone includes an irregular strip- which 
crosses the east end of the county and comprises one-third of its 
superficial area. Tongue shaped projections extend up all of 
. the more important streams, reaching Cedar Rapids along the 
, Cedar. The Niagaran presents its usual phases, including a 
lower heavy bedded, coarse, cherty dolomite now referred to the 
Hopkinton, which is followed by the sub crystalline, hard, brittle, 
often highly inclined beds of the LeClaire and these in tu~n, suc-
ceeded by the smooth, evenly bedded gray to buff, dolomitic 
layers of the Anamosa phase of the Gower, which are followed in 
turn by hard, compact, 'Qrittle magnesian limestones, which N or-
ton has designated the Bertram, and which complete the series. 
Practically ali of the important quarries in the county are 
operating in the Anamosa beds which are typically developed at 
Stone City, while the lime producers are developing the LeClaire 
beds. A wealth of exposur'es occurs along nearly all of the prin-
clpal streams. ' A 'few only are given by way of illustration. 
406 ROAD AND CONCR'ETE MATERIALS IN IOWA 
T,he 'sections already given for Stone City and vicinity may ·be ' 
taken ' as a standard, as the beds are more extensively exposed , 
and developed at 'that point than at any point in Linn county-. At" · 
, , Mount Vernon practically the same beds appear and differ only 
in being of slightly coarser grain. The quarries are connected 
by a switch with the main line of the Chicago ', and North West-
ern Railway and, are equipped with a steel derrick, cars,' track- ' 
age, an inclined 'plane' to a No. 3 Gates crusher and the usu'al 
number of elevators, 'screens and bins. The' quarry section , 
shows the following sequ'ence of layers: 
MOUNT VERNON SECTION, ' 
FEET. 
'4. Soil, loess and drift, ....... .. .... ................ , .. ' ... ; . 0·1'0 
,3, .. 'Limestone, dolomitiC, weathered to sRaIls and chipstone. ... .. 6·8 
2, Limestone, dolomitic, in layers up to eight inches ' in thick· 
ness ' .... .. . .... ........... ' .. ' ................ ' ............ 3:5' 
1. Dolomi,te; in layers ra,ngin,g froIp. six to thirty-six , inches in" , 
, t)1ickn~ss, aggregating, exposed .... , ... , -..... ,' .. .... . ... - 12 
The pit iE; filled' with wate'r at the present 'time so that number 
1 is obscured very largely. The property is in litigation and/Hie ' 
quarry has not been opera:ted save: in a very small way during 
the ,past. few years. Stone suitable for hridge work, caps. and 
sills,. dimension and cut stone purposes; is availal;>le and equal in 
quality tQ any pr.oduced from the ::Niagaran in Iowa. - Other, q.uar- , 
ries ·, have been opened in the ' district" some of which' are. still· ' 
operated ~termittently. . . 
. Splendid sections -of the Anamosa, stone · may be viewed . along 
the Wapsipinicon northwest of Stone City. 'Several , quarries 
have been' opened at Waubeek and vicinity; but <:>wing to the 
lack' of .proper transpo:r.taiioIi facilities, stone is produced to 
supply the local demand only. The beds available are esse.ntia~ly 
the same 'as those ·exploited .. at Stone ' City and are as easily 
accessib~e. , ' 
, The Devonian limestones cover' about· two-thirds · of the ' super-
ficial, area· of the county and are· quite generally exposed 'along 
the principalstreamways, qut 'notwithstand~ng these facts', com:." 
paratively'little dimension stoneis deri;ved·from any of, the beds .. ' 
The Anamosa beds'of the Niag.ar.an'prac-tic.aUw have· ~v~n0.nQPoly· , 
PLATE XXX-Quarry of the Chicago and North Western Railway, Cedar Rapids, showing steam shovel, drill rig and broken 
stone. . 
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of the commercial building stone trade in this part of the state. 
All of the members of the Devonian represented in the county 
furnish some stone suitable for structural purposes, especially 
crushed stone. 
The Ooggan beds of Norton, formerly referred to the Niagaran 
but at present included in rthe Devonian, are dolomitic, heavy-
bedded, destitute of lamination and often porous and highly 
~ vesicular. When sufficiently compact, the stone is well adapted 
for bridge work and other heavy .masonry. A quarry near the 
railway station at Ooggan gives a fair idea of the beds and is as 
follows: 
COGGAN SECTION. 
4. Soil, loess and drift of variable thickness. 
3. Limestone, gray, hard, compact, sub crystalline, magnesian; 
layers from one to four inches thick, weathering into 
FEET. 
block-chipstone ......................... . .. ...... ...... 2 
2. Limestone, massive, pale buff, magnesian, moderately hard, 
, granular, subcrystalline; porous or vesicular, with a few 
irregular cavities about an inch in diameter; in layers 
eighteen to twenty-four inches thick. In places the rock 
weathers into chipstone, and is a brownish ,buff, semi-
earthy, semicrystall~ne limestone; exposed to quarry 
floor .......... .- ...... ..... , " ... , . . .. . . . . . . . . . . .. . . . . . 8 
1. Slope to water in river, elsewhere seen to be occupied by 
massive limestone as above. . . .... ..... . .. .............. 6 
, The beds exposed here are quite variable texturally and in 
color. They vary from a compact sub crystalline limestone to 
a highly vesicular to earthy material almost pumaceous in char-
acter. The full thickness of the Ooggan beds is displayed a short 
dis,tance above the dam at Oentral Oity. The sequence is as 
follows: 
CENTRAL CITY SECTION. 
, 6. Soil, loess and drift, variable thickness. 
5. Limestone, even-bedded, nonmagnesian aJbove, becoming 
more and more magnesian below, and so graduating by 
. thin layers into the beds below that the line between them 
FEET. 
is somewhat arbitrarily drawn (Otis Beds) . .... .. .. . . . .. 1234 
4'. Limestone, magnesian, light buff, compact, granular. . . . . . . . "I. 
3. Limestone as above, ,darker, also nonfossiliferous excepting , 
some minute vermicular cavities; in three layers........ 1 
2. Limestone, massive, buff, magnesian; with moulds and casts 
of fossils, as at Coggan; porous and vesicular; upper layer 
cherty, with dark nodules forming in places a continuous 
band. The layers from above dpwnward are respectivElly 
one foot, five feet and ten inches, eleven inches, and four 
feet ten inches in thickne.ss .... ...... . ...... ... ... ' . . . .. 12'1" 
1. Unexposed to riv-e,r .. ... . ............... .. ......... ... . '. .. 10 
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Numbers 2, 3 'and 4 of the above belong to the Coggan beds.' 
These beds maintain their level to a fine exposure on the 'left 
bank of the river, two miles northwest of Central City, at 
Granger's old quarry. 
The Otis beds of Norton have been exploited more extensively 
for crushed stone than any other. Beverallarge crusher plants 
are located in Cedar Rapids and vicinity and furnish stone for 
street and road work, concrete and railway ballast. ,The prin-
cipal plants are located east and south of town on either side of 
Cedar river. One of the largest plants running at the prese'nt 
time is operated by J. J. Snouffer, Jr., and is located along t~e 
Chicago, Rock Island and Pacific railway in the south part of 
town. The beds exposed are appr'oximately as follows: 
FEET. 
12. Loess stripping ......................................... 12-2(} 
11. Thin-bedded, shelly, weathered limestone, for the most part 
worthless; portions of lower ledges uSllible in crusher .... 11-12 
10. Light brown, saccharoidal limestone, heavy le.dge, contain-
ing cavities and masses of crystalline calcite, in places, 
contains numerous fragments of soft y,ellow limestone, 
prominent in face of quarry. . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
9. Similar to No. 10 but more distinctly laminated and sepa-
rates readily along bedding planes .. '. . . . . . . . . . . . . . . .. .. . 2 
8. Laminated, soft magnesian limestone, sandy to the feel, 
porous; thin.bedded and breaks well both horizontally and 
vertically, contains occasional small calcite cavities .... , . 4 
7. Limestone, dense ,brown, noncrystalline ledge ....... " . .. . . 2'"h 
6. Ledge, dark brown in color, including in places thin lay,ers 
of black, carbonaceous cla~....... . . .... . .... . ..... .... lyj 
5. Limestone ledge, light drab in color, has suffered shattering, 
. cut · by thin, irregular veins of crystalline calcite; close 
texture and conchoidal fracture .. , ...... " ..... ... . ... . 1'/ , , 
4. Dark brown limestone, in large part coarsely crystalline; 
hard and breaks very irregularly . .... , ........ . ......... 1'/. 
3. Hard, close-textured limestone, has apparently been shat-
tered and r ecemented by ' numerous 'Veinl-ets .of calcite; 
displays fi~e wavy laminations . . .. ...... . ...... . . ..... . 2'/. 
2. Shale, black, carbonaceous and contains fragments ·of lime-
stone, in places soft and plastic ... . .. • ..... , .... . .... . Yt,-¥.! 
1. ,Sugary brown dolomite in layers from two to ' six inches, 
alternating laminre of varying shades.; the. darker weather-
ing to a residue .. of dus~y sand; breaks irrElgularly except , 
along plane!l~f stratificatiop. .... ' .... . ,., . .. , . . .. . ... . : . . ' ... ' 5 
This quarry is 'located 'in close 'proximity 'to the Chj.cago, Rock 
Island an·q. Pacific .tracks~ At present th.e total output is crushed 
stone. The crusher is · located on the railroad and the stone 
bau~ed by horse and cart up a low! incline. lfour .grades of 
I ' 
o 
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; c,:ql~h~d p:r;oduct are put on the market, yiz." N.o. 1. r!11+ging in 
"l?i:ze l from:).. ,t9 2¥2 inches; No.2 from 1h to 1 inch; N Q. ?, ~ ,to 
,%" (an~ Nq. , 4) ~,below : ~ inch in , diameter and termed., " :rock 
,<;lust. " 
, The :upper.bedsof the Wapsipinicon are quite generally brec-
,eiated and as a consequence have been but little quarried. These 
beds have bee'n developed in a small way, at Marion, and in the 
'vicinity of Oedar Rapids and Flemingville. 
The Oedar Valley 'beds are often too shaly to be of much use 
for building or crushed stone purposes. As developed in Linn 
county, they break up readily under the action of frost and are 
not evenly bedded. The best quarries are in the vicinity of Oen-
ter Point, Toddville and Troy Mills. At best the stone produced 
is not recommended for important structures as a coursing stone, 
but may be used as crushed stone. 
LOUISA COUNTY, 
S AND ' AND GRAVEL, 
The gravel and sand deposits of Louisa county represent at 
l~ast three horizons geologically, Viz., Aftonian, Buchanan and 
recent. The benches which occur along Iowa and Oedar river,s 
may have been formed from the waste from melting Iowan ice. 
The Aftonian.-The Nebraskan or lowest glacial till in 
Louisa county is almost invariably overlain by sand and gravel, 
varying in thickness from two to ten feet. This is occasionally 
cemented into a mortar-like rock. The prevailing color of the 
deposit is yellow. A peculiar relation which it maintains. to th~ 
till below is that pockets of the sand extend down ,into the 
otherwise level surface of the latter. These pockets are from 
one to several feet in width and of equal depth. Occasionally 
they form" filled tunnels" in the drift. This stratum is the main 
water sand in all the ,deep w€)lls of the upland. Along the, level 
of its outcrops in the bluffs there are a number of springs. These 
,gravels will be described In some detail in the report on 
,U:nion county. 
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Buchanan Gravels.-Above that part of the Kansan till which 
is east of Iowa river, there often lies another sand which has 
the same relation to the Kansan a s the Aftonian has to ,the 
Nebraskan. This is seen in several places along the Muscatine 
North and South railroad, particularly in section 10, Grand View 
township. In the northeast quarter of the northeast quarter of 
this section.it rests on an almost horizontal plane ' sUrface on the 
Kansan bowlder clay. This plane is sharply marked and can be 
seen for a quarter of 'a mile. The sand is evidently a glacial 
' product. It is somewhat gravelly, contains occasional striated 
pebbles, and is rather imperfectly assorted. Here and there it 
has a long slanting or curving oblique lamination and is also 
seen to run into silt. Occasional pockets extend into the under-
lying drift. In the southwest quarter of section 11, Grand View 
township, it is ocherous from the infiltration of ferruginous ma-
terial. In other places it is leached to a gray color. Sometimes ' 
its upper part changes , into a soil-like stratum, either directly 
overlain by loess or plainly covered by another till. 
, \ 
T errace and Alluvium.-The greater part of the higher low-
lands along Iowa and Cedar rivers lie from thirty to forty feet 
above the flood plains. This higher lowland, usually known as 
the" second bottom," is an ancient terrace which probably was 
built up, in part at least, at the time of the Iowan ice invasion. 
It consists of sand and some gravel with a thin veneer of loess. 
In many places the surface materials have been drifted by the 
,wind into sandy ridges. The depth of the terrace sand is not 
certainly known, except at a few points along the river. Around 
Wapello and north of Columbus Junction it is seen to rest on 
the Nebraskan till and is some thirty or thirty-five feet deep. 
This same terrace is continued up the valley of Long creek as far 
as section 13, township 75 N., R. V W. It is also present along 
the lower courses of some of the other tributaries coming from 
the uplands. On Long creek the terrace sand is sometimes over-
lain by a few feet of a fine, laminated, grayish blue silt, above 
which there is the usual loess capping. Along Otter creek in 
sections 1 and 2, ,township 73 north, range IV west, this loess 
capping with a soil layer on top has been covered over by a few 
feet of more re'cent alluvium. 
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On ·the bottoms of Mississippi river a similar terr~ce extends 
south from Muscatine county in sections 4 and 9, rtownship 75 
north, range II ·west. This is probably a remnant of an exten-. 
sive terrace built up over these lowlands by the drainage of the 
Wisconsin ice. . 
The most recent deposits are represented by the alluvium 
flOm the present streams now laid down over their flood plains 
during high water. ThIs consists in the main of dark sandy silt 
and gray sand. The most extensive alluvial tracts are along 
Mississippi river, where only a few vestiges of the earlier ter-
races remam. 
STONE. 
The underlying, indurated rocks that are exposed in Louisa 
county belong almost exclusively to the Kinderhook and Osage 
stages of the Mississippian. The Kinderhook beds consist chiefly 
of soft clays and impure limestones, with occasional strata of 
sandstone. The Osage is represented by the heavier, more dur-
able beds of the Burlington ~imestone. Exposures are found in 
the southern and southwestern portions of the county. They 
appear to best advantage in the bluffs west of the Mississippi 
and south of Iowa river in Elliott, Wapello and Morning Sun 
townships. Outcrops are also common along the streams in 
Columbus and Elm Grove townships. 
The best stone comes from the Upper Burlington beds and all 
of the present working quarries make use of these strata. The 
lower beds were formerly worked on the property of J. D. Ander-
son, just south of Elrick Junction, but this rock is usually too 
much weathered to furnish durable building material. The prip-
cipal quarries are located near Morning Sun on Honey creek and 
on Long creek and its tributaries. 
The Chas. B. Wilson quarry, one and one-half miles east of 
Morning Sun in the southwest quarter of section 28, affords a 
characteristic section of the Upper Burlington. The following 
details are based in part on data found in the Geology of Louisa 
CO~tnty.* 
. *J. A .. U dd en. I ow a GeoL Survey. VoL XI, p . 76. 
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FEET. 
Disintegrated crinoidal limestone, brown to .yellow. . . . . . . . 3lh 
Partially . weathered crinoidal limestone containing ' ·some 
chert; ledges 4 to 6 inches thic!t, fair ston~ . .. : " ... " . . : . . 2% 
White chert, nearly fails in places ....... . . ............. ~ . 
Yell6wish crinoidal limestone with chert above and contain-
ing fossils ................................... ,....... ... 4 
Yellowish fine-grained limestone, containing open pockets 
often lined with botryoidal calcite <>r quartz crystals, soft 
and can usually be crumbled to a powder in the fingers.. 1-3 
Coarsely crystalline pure limestone, light br:own to bluish 
white; in ledges from one foot above to massive three-foot 
ledges below; stylolitic jointing very common; free from 
chert ............ .. . .. . . .... .... . . ... " .... ' ..... , .. '" 6 
The quarry base is about twenty-five feet above low water in 
Honey creek. This depth consists 'largely of cherty limestone 
in part obscured. A face approximately one-fourth mile in 
length has been opened on both sides of the stream and a large 
amount of stone removed. With the exception of the upper few 
feet, there is Jittle worthless material in the section, and num-
bers 1 and 3 especially afford a most excellent stone for any 
of the finer grades of work. A considerable acreage i's available 
at this point, both to the east and west of Honey creek, over 
which tbere is no drift and little else to require much dead work 
in stripping. 
A similar succession is found at the W. O. Bryant quarry just 
south of the Iowa Oentral track in the southeast corner of sec-
tion 29. Seven and one-half feet of number 1 are quarried, and 
the opening has reached such a depth that number 2 is quite 
firm and unweathered. It is seen to be a coarsely granular and 
fossiliferous brown limestone similar to numl?er 3, save for the 
'presence of numerous geode cavities. The heavy beds furnish 
suitable stone for heavy foundations, bridge piers, and other 
masonry work, besides walls and finishing-so The white stone 
does not, howev'er, split with uniformity in any direction ·except 
along well defined lines of stratification, 
The stone is handled in this quarry by derrick to wagons and 
some is shipp'ed from Morning Sun. 
Number 1 in these quarries is an unusually pure limestone as 
shown by the chemical analysis, given herewith, of a sample from 
the Wilson property. 
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Insoluble 
Iron oxide and alumina (Fe.O. + AI.O. ) . .... . .. , " . .. . . 
Lime carbonate (CaCO. ) .. .... .. .. .. . .... ... . .. . ...... , 
Magnesium carbonate (MgCO. ) . .. . .... . . . . . . . .. . ...... . 
Hygroscopic moisture .. .. ..... . ..... . .. . ............. . . 
1. 60 
1.20 
97.02 
.3'2 
.34 
Total ....... .... ...... .. ... . .. . .. . .. . . . .. ... . 100.48' 
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The very low magnesia content commends the stone for the 
manufacture of Portland cement. It would also make, without 
doubt, an e4cellent grade of white lime. 
Both the Wilson and the . Bryant quarries are conveniently 
located for transportation of the output by raiL The stone is 
of high quality and limitless quantities are available. The ter-
l'itory to be supplied is principally the counties to the westward 
of Louisa which are heavily drift laden and possess no building 
stones of their own. 
The Ackenbaum quarry is 'located in the northwest quarter of 
section 27, Morning Sun township. The beds h'ere c<?nsist of 
about three feet of overlying disintegrated crinoidal limestone, 
. associated with the lighter colored heavier beds as exposed on 
Honey creek. The latter are beds coarsely crystalline to sac-
charoidal iIi. texture. A stylolitic structure is common, but the 
Tock splits irregularly and with no greater facility along suc~ 
lines of jointing. The stone outcrops for some distance along 
Gospel run and at the quarry face is covered with but one to 
three feet of loesslike soil. Immediately back from the streams, 
however, there is a heavy drift covering. 
There are a number of small quarries situated' along Long and 
Buffington' creeks 'in Columbus and Elm Grove townships re-
spectively. The old Wasson, now C. J. Gipple, quarry, in the low 
terrace along the south bank of the south branch of Long creek 
in' the .northwest corner of section 23, Elm Grove, affords the 
following section: . . 
. . ' FEET. 
9. ISoil in small amount .which does not thicken materially for 
several J,'ods from quarry face . 
. 8. Limestone, badly shattered, containing much chert below. . . 7 
7. Disintegrated limestone carrying much ch·ert. Worked back 
in the hill, becomes a fairly firm rock of bluish color and 
'crystalIine texture; separates into ledges of 6inchea to 1 " 
foot ........... . ................. : ......... ... . . . . . . . . 
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FEET. 
6. Yellow, disilJltegrated limestone, in part solid and coarsely 
crystalline .. . ......................................... 3 
5. Blue shale, calcareous ................................... '. 1 
4. Band of chert, fossiliferous, persistent, used for -building 
rock; a maximum of .................. . .. . .... . ..... . 1 
3. Yellow, badly disintegr-ated crinoidal limestone' with geode 
cavities, in part a crumbling brown sand. . . . . . . . . . . . . . . . 4 
2. Yellowish, partially disintegrated but usable limestone. . . . . 1% 
1. Crinoidal white limestone, in ledges from 6 to 10 inches. 
Number 1 is not now in sight but has been taken out to a 
depth of twelve feet as the principal quarry rock. The base of 
the full quarry face would therefore be somewhat below water 
level in the creek. 
These same beds crop at an indefinite number of points in 
this vicinity on Long creek and in section 14 of Elm Grove town-
ship on Buffington creek. 
J. L. Thurston takes out a small amount of stone near the 
northwest corner of section 14, and J. E. Gray and J. M. Mar-
shall quarry the same "white" beds in the north part of section 
3, Columbus township. At the Marshall quarry, considerable 
stone has been quarried in the past and there is less stripping 
needed than at other observed points where quarrying is done. 
Western Louisa county in general is heavily drift laden and 
the rocks are exposed only at infrequent intervals along the 
-streams. 
LUCAS COUNTY. 
SAND AND GRAVEL. 
Lucas county is wholly within the loess-'covered Kansan area. 
Chariton river, the principal stream in the county, has a low 
grade and is characterized by mud flats and bars. Sand and 
gravel deposits are exceedingly rare. Some of the smaller 
streams contain meager amounts of sand and gravel in their 
channels, not sufficient, however, to satisfy the local demand. 
Practically all of the road and concrete material used is im.: 
ported. The older gravels are concealed. 
STONE. 
The country rock of Lucas county belongs entirely to the Coal 
Measures. -The formation consists almost wholly of shales with 
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seams of coal and accompanying beds of fire clay. Occasional 
thin bands of dark bluish limestone and moderate thicknesses of 
sandstone are found associated with the heavy beds of shale. 
In Pleasant township, near the northeast corner of the county, 
ten to fifteen feet of a coarse, grayish blue sandstone outcrop 
along Flint creek. Quarrying to any extent has not been done, 
but the beds are available at a number of points along this 
stream and its tributaries. On a branch of the Little White-
breast in the northeast quarter of section ·32, English township, 
a soft yellow sandstone occurs associated with bituminous shales 
and ha s been quarried in years past. 
Upper Coal Measure beds may be seen on Long Branch in the 
northwest q'uarter of section 3 of English township, where lime-
stone quarries were formerly worked. The beds consist of about 
four feet of light gray overlain with buff limestone, separated 
in ledges by calcareous shaly partings. The stone is said to pro-
duce a high grade of quick-lime and has been used for this pur-
pose. Limestone has also been quarried anq burned for lime 
on the Little Whitebreast two miles northeast of Chariton. 
On the whole, the building stone resources of Lucas county are 
very limited, the valuable beds being in general so associated 
with other sedimentary strata as to r ender their utilization im-
possible. 
LYON COUNTY. 
SAND AND GRAVEL. 
Lyon county is bountifully supplied with sands and gravels, 
in the main closely related to the various drift sheets as gravel 
trains which margin the present streams, as terraces, and as 
kames which are more or less irregularly distributed over the 
:upland. In addition to these deposits the present streams hav~ 
classified and deposited large quantities of sands and gravels as 
bars and banks. 
Stream Terraces .-The stream terrace gravels are by far the 
most important in Lyon county. ' Enormous quantities are to 
be found in the terraces of Rock river especially, and in lesser' 
quantities along the smaller streams, such as Little Rock river, 
Otter, Tom and Plum creeks, etc. 
27 
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.- The most extensive Qpenings Qf the RQck river gravels have 
been made at DQQn. Here there are two. pits, Qne Qwned by the 
Great NQrthern Railway and the Qther by Miller and MQntgom-
ery. In the latter pit there are twenty-five to. thirty feet Qf 
gravels under a cQver.of SQil and alluvium which varies in depth 
frQm three to. eight feet. The upper PQrtiQns cQntain mQre 
CQarse material, and pebbles Qf quartzite and red sandstQne up to. 
three inches in diameter run in mQre Qr less cQntinuQus thin 
bands. -The lQwer eight to. ten feet are chiefly clean white sand 
interspersed with SQme very fine-grained, even clayey streaks, 
and cQntainingQccasiQnal rQunded clay balls which are SQme- . 
times as large as a man's head. The supply here is unlimited, 
and a mQst excellent grade Qf clean sand and gravel fQr any 
purpQse is Qbtainable. 
In the railrQad pit, lQcated in sQutheast 26 and nQrtheast 35, 
D6Qn township, sQuthwest Qf the tQwn Qf DQQn, practically the 
same sectiQn as described abQve may be seen. 
EnQrmQus quantities Qf sand and gravel may easily be Qb-
tained at DQQn and vicinity. The tQwn itself is lQcated UPQn 
this gravel terrace, and hundreds Qf -acres SQuth and sQuthwest 
Qf tQwn will furnish a supply which is practically inexhaustible. 
This area is readily accessible as it is an easy task to. build a 
railway spur to. almQst any PQrtiQn Qf it. 
FrQm DQQn to. RQck Rapids gravel depQsits do. nQt cQmpare in 
amQunt with thQse just named. The RQck river terrace is nQt 
cQntinuQus and while the gravels may be seen in many places, 
and it is practically certain that they are present in Qthers, there 
is no. place where a pit eQuId be Qpened Qn anything like the 
scale PQssible at DQQn Qr ~Qrth Qf RQck Rapids~ 
There is an eXPQsure nQrth Qf DQQn Qn the west bank Qf the 
river at the bridge just nQrthwest Qf tQwn. Here is a PQ~iQn 
Qf .the same terrace in which the large pits farther SQuth are 
.1Qcated, and a small Qpening shQWS the same material. Gravel 
may be seen alQng-the rQad between RQck and Garfield tQWn-'-
-Ships just west Qf where the railrQad crQsses it. The same ter-
race _gravel is in evidence beside the rQad in sQutheast 15, RQck 
tQwnship, and also. in several places along the rQad thrQugh 
. , 
,., 
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·sections 15 and 10. A considerable amount of material could be 
obtained from pits opened at or near these places, especially 
from the terrace, south of the road in southwest 10. The latter 
would furnish an abundance of material for use within teaming 
distance. 
Rock Rapid,s itself is situated, for the most , part, upon this 
terrace, which here is some fifteen feet above the river. Much 
inconvenience on account of the gravel is experienced in the dig-
ging of cellars and ditches, and the covering over it is so thin 
that in the summer it is difficult to keep sufficient moisture on 
lawns, gardens, etc. Just in the northeast edge of town, on the 
east side of the river, Mr. Libbey has a pit from which much of 
the material used in town is being taken. This pit shows some six 
or seven feet of moderately coarse gravel on the side of the ex-
posure nearest the river, but reduces down to about three feet 
on the opposite side. Below the gravel, and separated from it 
by a narrow band of bowlders up to six inches in diameter, are 
thr~e feet of clean, :fin~, c~oss-bedded sand, in which are streaks 
. of :fine gravel. The whole is covered by alluvium to a depth of 
three to four feet. This gravel has been used on the streets, in: 
Rock Rapids for a number of years, and its value as a road ma-
.terial is attested by the excel~ence of the same. . 
North of Rock Rapids the terrace is continuous to the Minne:-
sota line and beyond, and will average one-half mile wide all the 
way to the boundary of Iowa. There are two places close . to 
town from which gravel is beng taken, the city pit at the old 
pumping station in the edge of town, and the one owned by Le-
hatchka & Pattengill. The latter, which is perhaps one-half 
mile from the edge of town, shows the following section: . 
FEET. 
Stripping ..... .. ... .. .. .. ... . ... ... . .... ... . . ..........• 2-4 
Gravel, fine and clean, with lenses of. sand. . . . . . . . . . . . . . . .. 34-
Sand, silty in streaks, and having some fine gravel. . . . • . . .. 1·2 
Pebble baJIld ..............................•............. 14.1/. 
Sand, cross,bedded, and with streaks and lenses of gravel. . 2·31 
Gravel, crosB·bedd'ed, iron,stained in 'part ... . , . . ... . .•.. .• . • 2 
Sand and fine gravel. .... • . , .. , " ...... " . , . . '" .,. , , ..... , 2- " , 
To water line (not exposed) .. . .... ," .' ........ . : ......... '.: 2 
This gravel is being used by the owners for the nianufact~t~ 
of cement tile, blocks, etc. 
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Records of city and private wells indicate .that there are up-
wards of thirty feet of gravel . here, at least within a mile of 
Rock Rapids. It doubtless is not so deep as this further north, 
but no authentic record~ of its depth could be obtained. 
The problem of opening these gravels on a commercial scale 
is a simple one. A railroad spur could be built to any part of 
this region at a minimum cost, and a large area could be openeq. 
with but a small amount of trackage. The soil covering is only 
moderately heavy and could readily be removed. 
Along Tom creek northeastward from Rock Rapids a gravel 
terrace can be followed for miles. At some places, as in south-
west 33, Riverside township, it is not particularly prominent nor 
are the gravels readily seen; while at others, as in section 34, 
the gravels are exposed along the creek· in many places. This 
terrace, while hardly of sufficient size to furnish material work-
able on a large scale, should yield a sufficient amount for use on 
roads and in concrete work within hauling distance." 
Along Little Rock river a terrace can be made out all the way 
from Little Rock to its union with Rock river at Doon. In the 
vicinity of Little . Rock, notably at the bridge north of town, the 
terrace has been opened in several places. The material exposed 
is rudely stratified gravel and sand covered by a varying depth 
of alluvium. 
Practically all the way to Doon terrace gravels are exposed in 
various places. Through section 9 of Grant township the terrace 
is more prominent than at any other place. Here it rises sharply 
above the river plain and the edge is continuous for a half mile 
or more. Two openings in the terrace, one on the north and one 
on the west lines of section 9, near the bottom and top of the 
terrace respectively, indicate that large · quantities of gravel 
might possibly be available at this particular place. Develop-
ment work is an easy problem. 
Below George the terrace is not nearly so well defined as 
above. In only a few places can a definite bench be recognized, 
and then the surface slopes back to higher ground very rapidly. 
There are many openings from which road and concrete mate-
rials have been taken, but the supplies seem to be adequate for 
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local consumption o,nly. The large pits at D~on, desc:dbed pre-
viously, are located on the broad flat at the junction of Little 
Rock and Rock rivers. 
Along Big Sioux river entirely across the county the,re are 
remnants of what must at one time have been an enOTmous gravei 
terrace. By far the greater part of what can be recognized as 
terrace lies on the Dakota side of the river, the river now cutting 
under the bluffs on the Iowa side most of the' way aCTOSS the 
county. , , 
One of the largest openings in this terrace is the pit a mile 
west of Granite, which is owned by Mr. Iverson and lelfsed,by 
the Rock Island Railway. ,This pit shows some twenty-two feet 
or stained, unassorted gravel, overlain by four feet of alluvium 
and resting upon limy, pebbly drift clay. The pebbles are large'Iy 
granite and quaTtzite and range in ' diameter from six' inches 
down. There is much yellowish clayey matter admixed. In de-
scribing it, I. A. Williams says: '" Too dirty for cement work, but 
good for ballast." The terrace is fully half a mile wide and is 
as flat as a floor for a distance of one and a half or 'two miles 
toward the north. Although no actual openings weTe seen in 
the northern part of this area, it is highlY' probable ' that the 
whole of it is underlain by this water-deposited materiaL " 
Along a small creek in southeast 7, Centennial township, the 
top of the terrace is opened for several feet. The section shows 
rotten bowlders and very much iron-stained sand and gravel. ' No ' 
stratification whatever could be made out,' the whole being but 
a ' heterogeneous mass of Totten bowlders', peQbles and sand. 
Bowlders a foot and more in diameter crumbled to small bits at 
a stroke of the hammer, and the sand grains were so deeply 
stained as to be hardly recognizable. It is 'haTd to believe that 
this 'is Wisconsin material, 'in spite of'the fact that it lies at the 
top of the terrace which has been considered by Wilder ' and 
others as a Wisconsin gravel train. 
For a mile or so nor,thwest of Klondyke the terrace is about 
a quarter ofa mile wide and bro1adens to a half or thr'ee-quarters 
in section 17. It is qUite probable 'thaCit is composed largely of 
the old gravels noted several times. An exposure of'some fifteen 
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feet of-these :qlay be se~n east of the bridge at Klondyke, and a 
~nialler ' one west of the school hous.e at the northeast corner of 
,section 21, where Plum creek has cut into the Big Sioux ter-
race. At Klondyke bridge the top of these gravels is about fifty 
feet above the water in the Big Sioux. 
" From Klondyke to Beloit the terrace is mainly on the South 
Dakota side of the river, and at the latter place it has a maxi-
~~m width -of nearly two miles. 
The high bluffs all along the river are a serious obstacle in 
the way of opening many of the river benches. It is practically 
jmpossible to haul gravel and sand by team over most of the 
hiils. , The only other outlet is along .the river, and there are 
!10 open roads on the Iowa side. The roads on the Dakota side 
are not now available b~cause of the absence of bridges. 
Along Blood run and Plum creek, tributaries of the Big Sioux, 
there are small gravel terraces. The gravels in these are entirely 
different from those in the maIn terrace along the Big Sioux, _ 
and the -amount of available material is not large. Along Plum 
creek the story is practically the same. The terrace is low and 
indistinct and at no place has it a very large area. On the south 
side of the' creek near the southwest corner of section 6, Logan 
township,:is an open pit which shows material somewhat similar 
to t~at on Blood run. This is ,a clean fine sand, topped by six 
to eight inches of gravel and the whole covered by three or four 
feet pf soil and wash. Only two or three feet are exposed, but 
-the depth may run up to ten feet. A few rods south and west 
pf here the creek-exposes the whole section. Here are some 
seven or eight feet of gravel and sand in all; the fine sand as 
noted above grades dowv-ward into :fine gravel, which in turn 
rests dir~ctly upon blue clay. " 
These terrace gravels are being used for concrete and other 
purposes wit4in a feW' miles of the open pits. While there is 
not, economically speaking, a large amount ' available, yet the 
s.upply: will probably pro"Ve a.deqlJ.ate for almost all need~ within 
a :reasonable hauling distance. This is not so true of Blood run 
'as -of Plum-cI:e~k, but th~e 'former will furnish a large and easily 
~~~s~ipJe . ~u~ply . . 
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, : Outwash Gravels.-An important deposit of gravel in the 
county is the outwash plain in the northeastern part. A moraine" 
the age of which is now a disputed question, crossed the very 
northeastern cotner of the county. Waters flowing . away from 
the melting ice deposited. an enormous amount of gravel as an 
outwash plain in fro~t of the glacier. Exposures of this may 
now be seen in any numb~r of places over an area of several 
square miles. 
Farmers all over this district report finding gravel in wells, 
ditches, etc., and in some cases even in post holes. The depth 
of the cbver varies considerably~ but at almost no place is it 
more than two or three feet. The material itself is quite vari-
able, as would readily be expected from the manner of its depo-
sition. In places it is clean and sharp, and usable for any pur-
pose; at others so iron-stained and dirty as to be good for al-
most nothing. ·Variations between coarse and fine occur within 
inches. 
Within this area are several pits which have furnished gravel 
"for cement and other purposes. On the south side of the creek 
in southe?-st 24, Midland township, several hundred feet west 
of the road, is a pit which supplies gravel for cement work in 
the neighborhood. This opening shows some six feet of sand ' 
and gravel, very much iron-stained, and containing pebbles up 
to two and three inches in diameter. Fine sand occurs in lenses, 
and the gravel contains a large percentage of fine materia.!. 
The covering is a stony soil, about one foot deep at the open-
iI~g, qut ine:reasing in depth toward the upland. Probablyfif-
teen or twenty acres would prove productive here, ~and the de-
posit is very easily accessible. Just west of the bridge on the 
lin~ l;>etween sections 23 and 24, Midland ' tow:nship, is an en-
tirely di:ffer~nt material. The creek here has exposed clean 
fine s~.m9. overlain by a few in~hes of coarse gravel, the whole 
covered by some eighteen inches of soil. There is ~lso a smali 
pit about forty rods north of the southeast corner or Midland 
township, in which are ~xposed up ' to five feet of fine; 'rudely 
stratified gravel. Most , of the material 'is below .thre'e-quarters 
br ' one Inch in diam'eter,' but pebbles up to three or fbur inc-heEl 
are common. ' Pockets of sand aTe ,n'ume·roils,".ai:fd ~ -the·; :\vhble 
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. 
section is , sOIP-ewhat iron-stained. Coarse and dirty gravel is 
exposed on ,the north side of the creek some sixty rods west of 
the bridge on the east line of section 1, Grant township. Prob-
ably l1p to thirty acres or so will yield gr.avel here. 
These are but a few illustrations of the variation in the ma-
terial which is found -in this , outwash plain. The openings are 
found indiscriminately on high land and low, and gravels may 
be found where almost any kind of excavation goes through 
the thin covering of soil ov.er the gravel. 
Reworked Materials.-The i:land and gravel bars in the 
streams of Lyon county are, from an utilitarian standpoint, 
practically of no importance. The eno~ous quantities of other 
gra,;"eh;l which, are so readily at hand and which are so much 
more de,pendable in quality and quantity have reduced their use 
to the veriest minimum. Sand and ,gravel bars are, however, 
present in nearly all the streams. Those of the Big Sioux are ' 
of. course the most prominent, because of the ,enormous amount 
9f gravel in the river terraces which is easily reworked by the 
stream. Small amounts of the material in these bars are used 
occasionally for . local purpo..Ses and numerous openings have 
been made from time to time . 
. . The. same is' true of all the other streams. The bars are not 
particilla'rly prominent along Rock river. Little Rock river has 
a few of varying importance ' which have been used at a few 
places. Those of 'the other streams are hardly worth mentioning. 
Deposits of Other Kinds.-It has been remarked previously 
that a moraine crosses the very northeast corner of Lyon county. 
, . 
ThEJ ,area included within this later drift is little more than a 
dozen square miles'. The town of Little Rock is situated just 
within the edge of the area, and a ridge of morainal hills ex-
tenqs from, here northwestward, swinging thence back to the 
north in a . long almost circular curve and passing out of the 
cou~ty neat~:tlfe~north center of section 8, Elgin township. 
Within the, a~ea of this latest drift are to . be found low hills 
and knobs, often .. Gbm,posed wholly or i~ part of gravel, which 
ar.~ 'Gha'ra\3te·:r.i~ti:G,J>Ls.ome glacial deposits. Some of these knobs 
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have b~en opened and considerable amounts, of gravel and sand 
removed. One of the more prominent of these is situated 'on the 
farm of William Anderson in southeast 23, Elgin township~ 
A small opening has been made. on the top of this hill and three 
or four feet of sand and fine gravel are exposed. These ma-
terials are much iron-stained, and contain many pebbles up to 
five and six inches in diameter, l;mt have been used for con-
crete . . Near the center of section 26, Elgin township, is a kame 
from which a considerable amount of gravel has been removed. 
'fhis pit shows mostly sand with .:fine to medium gravel inter-
mixed and plenty of big bowlders, some of them ranging up to 
six or eight feet in diameter. It is quite dirty where it can be 
seen. About ten feet have been opened to view. 
A high hill, the apex of which is just at the southwest corner 
of section 27, Elgin township, supplies gravel and sand for 
cement work in the town of Little Rock. . There are about ten 
feet exposed, the amount decreasing toward the slopes. This 
is coarse gravel, iron-stained, and stands so firmly at the open 
face as to require some little force to break it down. 
There are many morainal hills and knobs north and northeast 
of Little Rock that will doubtless yield abundant sand and gravel. 
Only a few of thes'e have been opened, but there is scarcely 
any doubt that more of them will prove as productive as those 
that are now open. Many of these hills are several acres in 
extent, and it is highly probable that an adequate supply of 
road and concrete material may De had within short hauling 
distance of any part of Elgin township. 
What is now believed to be the terminal moraine of the South 
Dakota lobe of the Wi,sconsin glacier just touches the western 
boundary of the county near Granite. What has been said of 
the gravel-bearing hills and knobs in Elgin township is equally 
true here. A few exposures of gravel may be seen on the hills 
west and southwest of Granite. 
There are a few unimportant exposures ' of upland gravels 
other than those in Wisconsin drift hills in various scattered 
places. Of these, Professor I. A. Williams says, "Outside of 
the gravel trains, on the uplands, it is likewise not at all rare 
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to find aceessible deposits of the older (Buchanan) gravels. 
These' always lie beneath the loess, which is itself usually the 
,obstacle in the way of their development, varying in thickness 
,from inches to great depths. Such deposits, as would be 'ex-
pected, are found and are most apt to be, along the courses of 
upland streams that have cut their way a greater or lesser 
distance into the surface materials. Inwood and Larchwood 
both draw their supplies from beds of this kind and position." 
STQNE, 
The Sioux quartzite appears in the extreme northwest corner 
of the county. The stone is highly indurated, being a true quartz:-
ite, an.d rises some thirty feet above the level of Big SiouX 
riv.er which has cut a narrow gorge through it. The quartz-
ite outcrops cover a , wedge-shaped area in Iowa of about 
twenty acres, the Big Sioux serving as the base of the wedge; 
The beds dip west of north at a low angle and form marked 
rapids where they cross the river. The twenty acres mentioned 
have no overburden. About a half mile to the east the quartzite 
is exposed over a very limited area by a recent gully and the 
probabilities are that it is not far from the surface over a con-
siderably larger area than indicated above. Extensive outcrops 
appear beyond the Iowa boundaries in South Dakota and Min-
nesota. ' 
The stone is highly indurated, hard, strong, and excellently 
adapted for road and concrete work. It is equal Or even su-
perior to granite for service demanding strength and wearing 
capacity. It.is admirably adapted for use in the wearing sur-
face in road and concrete. The amount easily avail a ble in Iowa 
above the water level in the Big Sioux exceeds a million cubic 
yards. It is probable that the area available is greater than 
indicated and that qu'arrying can be carried on much below 
the water level in the river. In addition to crushed stone, stone 
:suitable for piers, culverts, abutments' and paving block can be 
prod~ced. · , 
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PLATE XXXIU-Sioux quartzite escarpment along Big Sioux river in the extreme northwest corner of I owa; the best material 
in Iowa for crushed stone products. 
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PLATE XXXIV-Sioux quartzite ledges outcropping In the channel of Big Sioux river and forming rapids. The river cuts a .., 
gorge here within a hundred yards of the extreme northwest corner of Iowa. 
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MADISON COUNTY. 
SAN D AND ,GRAVEL. 
Gravel and even good sand are rather scarce in Madison 
county. Both are found only in the beds of the streams. North 
l'iver has some sand south of Earlham, but it is rather too fine 
and dirty for good ' concrete work. Otherwise this stream has 
nothing but mud and quicksand. Middle river has the only sand 
of value and this occurs only intermittently. Near Webster 
there is quite a bit of gOQd coarse, Clean sand with good gravel 
in places, but both sand and gravel ar'e wanting from here east 
until Winterset is reached. Some sand is hauled from the river 
near the latter place, but the quality is so poor that most of the 
sand and gravel used is shipped in from Commerce, Avon or 
Des Moines. At Patterson there is a large amount of clean 
coarse sand and fine gravel, but below this place there is neither 
sand nor gravel along the river. South river has no sand nor 
gravel. ' 
STONE. 
The Missouri limestones underlie about two-thirds of Madison 
county, and belong entirely to the Bethany substage. The four 
limestone members representing this , substage are well repre-
sented in the county and all may be observed along Middle river 
in Lincoln township: A composite section, produced by blending 
the beds exposed along the ravine in section 22 in Lincoln town-
ship with the lower beds which may be seen in the locality of the 
Devil's Backbone, is as follows: 
13. Glacial debris variable in character and thickness. 
12. Limestone, yellow, earthy; thinly bedded, Fusulipa zone. '" 
11. ,Shale, vari3ible in color and composition, 'bisected by compact 
FEET. 
4 
limestone and decidedly calcareous above............ . .. 13 
10. Limestone, coarse, with shaly partings .......... . ... ' ..... . 3 
9. Shale, dark, carbonaceous iIi part and with calcareous, fossil-
iferous bands .. .. ............... . ........... . .... · .. .. . 8 
8. Limestone, bhi<e, fossiliferous, with shaly partings. . . . . . . . . . 3 
7. Shale, dark above; lighter and calcareous to marly below.. 5 
6. Limestone, yellowish above, shaly partings below. . . . . . . . .. 17 
5. ,shale, bl,ack above; variable, earthy, yellowish, calcareous 
'beds below ......... , ........ . : . ... .. .... . .... :........ 7 
4. Limestone~ with shale partings ..... . .. · ... : ............ : .. 12- " 
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3. Shale, black above, arenaceous below; the two members sep· 
arated ,by a thin 'band of limestone. . . . . . . . . . . . . . . . . . . . . 18 
2. Limestone, exhibits a nodular structure in weathering; frag-
mental, with 'shale parting near the middle ... " .... ' . . . . 9 
1. Shale, e2{Posed".",', . . . , . . ". , . .. .. . .. , .. ... , ...... " . ... 20 
. Numb~r 2 in the above section corresponds to the Fragmental 
phase ' Of the Bethany, typically developed at Bethany, Missouri, 
a:qd forms the ledge over which the water falls at the Backbone 
mill. Number 4 represents the Earlham, ,number 6 the -Winter-
set, and number 12 the Fusulina or DeKalb phase, according to 
Bain in his Decatur county report. All of the members are com-
paratively pure, the limestone being essentially non-magnesian 
and reasonably free from iron pyrite. The associated shales are 
usually more or less calcareous and often carry considerable of 
the iron sulphides. The two middle limes"tone members are the 
ones most widely distributed in the county, and are the only 
ones quarried extensively. 
, The Fragmental limestone apparently occurs in heavy beds in 
fresh exposures, but where the beds have been exposed some 
time, they readily show their fragmental character, and are 
practically worthless for structural. purposes, though service-
'able as crushed stone. 
The Missouri limestones are responsible for a prominent top-
ographic . feature producing a well marked escarpment which 
crosses the county diagonally in a northwest-southeast direction. 
The principal streams cross the escarpment at right angles and 
the most important outcrops occur where the streams debouch 
on ,the Lower Coal Measures. Quarry opening has been limited 
to 'the' streamways which have railway facilities, .and three cen-
ters ar,eworthy of mention. These, named i.n their order from 
northwest to southeast, are as follows: Earlham, Winterset, and 
Peru. Vniinportant quarr:ies have been opened and operated 
from time to time at ,numerous other points but at present do 
' not ,me'rit individual mention. 
The Earlham beds have been most extensively quarried and 
afford a fair ·grade of stone suitable for dimension stone, rubble, 
and crushed . !?tone. , Near Earlham, two quarry companies have 
operated extensively, and are directly connected with the main 
- - - - ---~~-. --.---
PLATE XXXV-Iowa Portland Cement Company quarry, Earlham, Madison county, showing the principal limestone beds with 
their characteristic clay partings. 
~ 
~ 
...... 
Ul 
~ 
o 
o q 
Z 
>-3 
>< 
.... 
..., 
.... 
.. 
'., 
,MADISON COUNTY 439 , 
l~n~ ,<;>f ;th~ Rqck Island' Railwl:!-Y. The fi~st is owned and oper-
a~ed by the Earlham Land Company with offices in Des Moines, 
a:nd is,loc.llted about one and one-half miles south of the railway 
station in Earlham, along the north branch of North river. The 
s~ction exposed is ' as follows: 
E ARLHAM L AND COMPANY QUARRY SECTION. 
,FEET. 
4. Loess amd drift, o-f varialble thickness .. .. .... , .......... , .10-14 
3'. Limestone, in regular beds, with shale parting near the mid-dIe... ... .. . ........ ........... . .... . .. ... ....... ..... 9 
2. Limestone, less evenly bedded than the a:bove, hard and brit-
tle ....... . . . . . .. . ................. . . . .... . .... .. ... . . 6 
1. Sandstone, calcareous and shaly, exposed . 
. The second is located along the main line of the Chicago, Rock 
Island and Pacific Railway two miles east of the town of Earl-
ham, on Bear creek, and is owneq. and operated by the Iowa 
Portland- Cem(jnt ,Company of Des Moines. The sequ~nce, of 
beds is as follows: 
IOWA PORTLAND CEMENT COMPANY QUA RRY SECTION. 
FEET. 
7. Loess arid drift, variable .... .... .. .. ..... .... ....... ...... 2-8 
6. Limestone, gray to buff, evenly bedded ... " . . .. . ... . ... : . : '2 
5. Limestone, irregularly bedded, with some cherts . ... . I. • •• ; 3 
4. Limestone, evenly bedded, becoming shaly near the middle. . 4 
3. Limestone, shattered, unevenly bedded, cherty . . . . . . . . . . . . . 1 % 
2. Limestone, rather evenly bedded above, and unevenly bedded 
below. Hard and compa ct, but in thin ledges .. . .... . . ,' . . 6 
1. Sandstone, calcareous and shaly, exposed. 
A composite sample was selected from the second quarry 
and analyzed. The result of the analysis is given below: 
Insoluble .. .. ..... . ..... . ..................... . ....... 7. 85 
Iron oxide and alumina............. . .... . . . . . . . . . . . . . . 1. 00 
Calcium carbonate ........ .. .............. . ... : ........ 91.15 
Magnesium carbonate. ... .. .. ............ . ...... . ...... 0.61 
L. G. MICHAEL, Analyst. 
The beds lie almost in horizontal position, and have little 
overburden. Quarrying is carried on acco'rding to the most ' 
approved methods and the entire limestone product IS used by 
the pre.~e!lt o~ers in the manufacture of Portland cement. 
. I' 
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The quarry of the Earlham Land Company has been 
worked only intermittently during the past few years. The 
amount of overburden is rather gr'eater than at the cement 
quarry. The equipment and quarry methods employed and prod-
ucts put upon the market are practically the same at both 
quarries. 
The Winterset limestone has been most extensively developed 
in the vicinity of Winterset. The stone used in the Madison 
county court house was obtained from the IO{lal quarries. The 
building was erected nearly forty years ago, bearing the date of 
1876, and all parts are in an excellent state of preservation save . 
some of the stone steps, and one or two of the large columns, 
which show signs of failure due to selection of poor materials. 
One of the porch columns has become roughened owing to the 
presence of "clay balls" which appear to be one of the most 
serious defects in the stone but could be avoided by careful 
selection. Several of the steps have been replaced while others 
show signs of werkness. The failure in this instance was due 
to spalling and opening of cracks along bedding planes. Most 
of the materials used in the court house were obtained from 
the quarry in the northwest quarter of section 12 and the" Back-
bone" quarry, both in Lincoln township. 
FIG. ' 46-Winterset quarry located a bout on e-half mile southeast of the court 
house, Winterset, Madison county. 
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.A. good section showing the Winterset beds may be viewed 
within the city limiis about a half mile southeast of court house 
square. The sequence is as follows: 
FEET. 
7. Drift and soil (thickens greatly in the bluffs) . .. . . . . .. .. . 3 
6,. Limestone, disintegrated, uneven on the upper surface and 
probably thickens toward the bluffs, exposed. .. .... ..... 3 
5. Limestone, gray, hea.vy·bedded, somewhat porous and fossil-
iferous .... ..... .. . ..... . . ...... .. .................... 3 
4. Limestone, fossiliferous and presents a concretionary facies; 
decidedly argillaceous.. ... . ...... ......... .. .... . ..... 1'/. 
3. Limestone, gray to buff, hard, brittle and fossiliferous; un-
evenly -bedded, top and bottom layers thickest, slightly 
concretionary ............... '. . . . . . . .. .. . . . . . . .. . . . . . . 8 
2. Limestone, shaly, gray to yellow, highly fossiliferous. . .... 1% 
1. Limestone, buff to gray, somewhat unevenly bedded ' and 
slightly clayey; massive in unweathered se<:tions, -exposed 4 
The base of the ,above section is about sixteen feet above the 
roadway, which follows the ravine down to Middle river. .A. 
black shale hand appears in the bluff about ten feet above num-
ber 6 in the section. 
FIG. 47-Quarry near top of hill southwest of Winterset, showing limestone above 
the black s h.a le ~hich appears well up in the ravines south of town. 
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Analysis 'of Winterset limestone selected, from Oity quarry. 
Insoluble ....•.. . .......... .. .. ...•.......... :.......... 12.63 
Iron and alumina. . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . 1.18 
Calcium carbonate . ....... . .. ·. . ......................... 84.34 
Magnesium carbonate.................................. 2.19 
'Moisture ' ': . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 :<i2 
. ... .. 'Total ........................................ 10>(). 36 
.. 
Similar -limestone deposits are to be' found along the Chicago 
Great Western ~ai~':V~y' at Peru. According to T. E. Savage,. 
the beds ~xposed at this point are as follows: 
FEET. 
10: Yellow colored 10'ess ............. : ...................... 5·8' 
9. Drift, reddish brown above grading down to gray below; con· 
. taining numerous bowlders in the lower portion ........ 9·15 
8. Gray or yellowish limestone, argillaceous, fine·grained; in 
three layers resp'actively 15, 18 and 12 inches ln thickness. 
Much stained in upper vart... ... . . . ....... . .... .... .. . 4~ 
7. Bluish colored shale, with a band of limestone 1 to 5 inches in 
thickness near the middle .portion ...... . . .. . " .... .... . 1"/. 
6. Dense, gray limestone, in layers 16, 24, 6 and 16 irnches in 
thickness ...... . ........ . . . . . ............... . .... . ..... 5 
5. Band of gray shale ... " . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . 2/. 
4. Layer of gray limestone, crinoidal in lower portion... . . . . . 2% 
3. Ledge of gray limestone similar to number 4 above, in two 
layers respectively 12 and 30 inclles in thickness. . . . . . . . 3'lh 
2. Band of grayish 'blue shale .. ...... , ......... " . . . . . . . . . . . 1·/. 
1. Talus slope with occasional outcrops of limestone, to level of 
fiood plain.... .. ...................................... 20 
The principal product of the quarry at the present time is 
crushed stone, which is used extensively in and about Des 
Moines. 
According to Mr. Savage the bluff continues a distance of one-
half mile along Clanton creek. A composite sample was selected 
. from the limestone members of the above section and analyzed, 
and the results of the analysis are given. below: 
Silica ............................ . ...... .. . .. .... .. ; . 17.16 
Iron oxide and alui:nina............................... 2.64 
Calcium carbonate . ... . ....... .... ......... . ... .. ...... 72.76 
Magnesium carb()IIJ.ate.................................. 2.86 
-' Sulphur trioxide............ .............. . . . ... .. . .... 0.95 
Moisture ................................... ... ....... ,' .... . 0.30 : .C 
Combined water .. .... ...................... ...... .. .. a .12 , 
Analyzed by L. G. MICHAEL. 
The Earlham and Winterset limestones are of good .quality 
and satisfactory for crus~ed stone products . 
• 
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MAHASKA COUNTY . 
... . . . . . . . . . • • . , ,SAND. AND :GRAVEL • . 
Des :Moin:e~ ' I{ver' :aftords' .an abundant ' supply of sand and 
gravel :of excelle.nt .quality, sufficient to supply the entire. county. 
At the present time this storehouse of road p,nd concrete ma-
tarials ~is ~e~ng extensively .exported from but a single point, 
Eddyville. . 
T.he EddyvilJe Sand 'Company is operating a plant located 
bn a spur of the Minneapolis and Saint Louis railroad in Eddy-
ville. The plant is equipped with a- barge upon which an engine 
and sand pump are located, sand barges, a shell conveyor and 
bverhead tram to transport the sarid from barge to car and a 
power plant loeated on the shore to operate the shell and tram 
!Ind move the cars on the railway as needed. The pump on the 
barge is an eight inch centrifugal with pipe line to match. The ' 
sand and gravel are not screened when loaded on the barge. 
Driftwood and float material, present in almost insignificant 
amounts, ' are removed by hand picking. The clam shell holds 
about one-half cubic yard. The barges have a capaeity of sixty 
to eighty-five cubic yards. The output is shipped north and east · 
to a distance of fifty miles. 
N one of the other streams in the county are of importance as 
sources of sand and gravel and none ate producers worthy of 
mention, although small quantities are obtained at several points 
from stream channels and used locally. The interglacial gravels 
are not available. ' 
STONE. 
All of the more important streams crossing the county have 
cut through the drift and overlying Coal Measures to the sub-
Jacent limestone, at least throughout the greater portion of their 
courses. The beds represented are believed to be equivalent to 
the upper beds in Marion county, which are generally known as 
the Pella beds. Small quarries have been opened from time . to 
tiril~ at a number of· points, mainly along the two branches of 
the ' Skunk river. Perhaps the most important quarry: section 
may be viewed in the Mayer quarry about two miles north of 
New Sharon near the North Skunk. The section is as follows: 
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INCHES. 
9. Drift and Coal Measures of ind,efinite thickness. 
.. 
..... ...... ... ..... .... ... .. .. .. . . .... .. . 6 8. Limestone 
7. Limestone 
6. Limestone 
... ... ...... .. . ....... .. . . . . .... ... ... ...... . . 5 
. 5. Limestone 
4. Limestone 
3. Limestone 
2. Clay-shale 
1. Limestone, exposed. 
5 
14 
20 
8 
6 
The stone exposed is fine-grained, compact, ash-colored to 
gray limestone, brittle and b~eaking with a conehoidal to uneven 
fracture. The above divisions represent ledges which are sepa-
rated by clay partings. Less important exposures occur at Union 
mill and McBride mill on tJ;1e North Skunk; near Peoria and near 
the Oskaloosa water works on the South Skunk; in the vicinity of 
Bellefontaine on Des· Moines river and· along Muchakinock 
creek. The same thin-bedded, compact, brittle limestone char-
acterizes all of the leading quarry exposures and affords ex-
cellent material for road ·and concrete work. 
MARION COUNTY. 
S:AND ANn GRAVEL. 
The sand and gravel supplies of Marion county are limited 
to the flats of Des Moines river, and to beds. and bars in the 
channel of the same stream. Sand bars are of frequent occur-
rence all along its ~ourse, and are utilized as sources of local 
supply in numerous places. 
J:. A. Wilson is sl1ippiing sand and gravel obtained from the 
Des Moines river flats. The present pit ts located on the Oska-
loosa branch of the Chicago, Burlington and Quincy Railroad, 
and is on leased ground. .4 clam dipper and steam plant is in-
stalled, which has a cap~Qity of from five to tE:)n cars per day. 
The dipper holds one cubic yar.d. The pit section is as . follows : 
FEET. 
4. Alluvial material ........ ....... .. ... .. .... . ... .......... 1-3 
3. Sand with gravel seams, cross-bedded ................... 15:20 
2. San'd and gravel much coarser than above· .... : ....... . ... 15-20 
1. All resting on shaly limestone. 
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Numbers' ,3 and 4 are above water level in 'the pit, which cor-
responds' to 'the water level' in the river. Occasional tree trunks 
and hard ledges are encountered in the lower gravels. Some 
coarse material is obtained from an extensive' gravel 'bar just 
below the Chicago, Burlington and Quincy railway bridge. Im-
mense quantities of sand and 'gravel are obtainable'" from the 
river bars and river flood plain: in this vicinity; 
STONE. 
The Saint Louis limestone appears only in the eastern half of 
the county and there only along South Skunk and' Des Moines 
r,ivers and their immediate tributaries. Only the two upper sub- -
stages are exposed, the Verdi beds overlain by the Pella beds. 
The former beds are not persistent and comprise a rather com-
plicated series of sandstones, cherty limestones, clays and shales; 
The upper beds are prevailingly limestones, fairly low in' mag-
nesia and other impurities. While both formations have been 
exploited to some extent, quarrying operations have been con-
fined largely to the upper beds. 
, One of the most extensive sections exposed in the county oc-
curs about two miles southwest of Tracy, on the southeast quar-
ter of section 35 in Clay township. The sequence is as follows: 
TRACY SECTION, 
t FEET. 
7. Loess ,and drift of indefinite thickness, , , , .. , " " . , , .. " . , , 2-10 
6. Sandstone, argillaceous, much weathered and iron-stained. . 6, 
5. Shale, arenaceous, variable in color and state of induration. 4 
4. Limestone, argillaceous to arenaceous, weathers decidedly 
shaly ..... , . .... ... " ." . . ' , . .. , .... ', .. ,......... .... 4 
3. Limestone, similar to 1, but harder; in a single heavy ledge 2 
2. Limestone, argillaceous, but hard and 1frittle, splits into thin 
layers on exposure; highly fossiliferous above and below. 4 
, 1. Limestone, gray-blue, in heavy beds, finely -brecciated, fossil-
iferous and slightly crystalline; in three ledges. . . . . . . . . . 4 
Numbers 1 to 4 inclusive are referred to the Pella beds. 
Numbers 1 to 3 are the principal ledges quarried and appear to 
be well adapted for dimension stone, rubble and possibly bridge 
stone. Number 2 yields a fair flagstone. The individual ledges 
in numbers 1 to 3 are uniform in thickness ,'and appear to be 
persistent. The layers are fine-grained, oftentimes , bluish when 
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first exposed; but turri white when long exposed -to the weather. 
Number 6 appears to be quite compact whim fresh, and large 
blocks may be removed. When exposed to the atmosphere, the 
blocks disintegrate rapidly to a drab product resembling clay. 
It is highly fossiliferous throughout. 
A 'switch of the Chicago, Burlington and Quincy Railroad has, 
been laid into the quarries. These have been opened up on the 
north bank of Cedar creek fqr a distance of more than half a 
mile. 
In the vicinity of the town of Harvey the limestones belonging 
to the Pella beds of the Saint Louis and the Lower Goal Measure 
. strata are exposed at many points in the valley of English creek 
and along the west l;>order of the Des Moines valley. They ap-
pear also in the hillsides along the ravines and small .streams 
in sections 10 to 15, Clay township. All of the exposures of the 
Pella limestones observed in this vicinity are covered with a 
greater .or less thickness of the Des Moines shales and glacial 
drift. As a rule the amount of these materials is so great as to 
prohibit the quarrying of the limestone. 
. Good exposures of the Verdi beds may be viewed along Skunk 
river in Lake township, especially in sections 23, 24 and 26. 
A composite section for the district shows the 'following beds ': 
FEET. 
6. Loess and drift, of variruble thickness. 
5. 8-andstone, !buff,cross·bedded, lower part very soft, , , , . . . . . 5 
4. Limestone, massive, cherty, breaks irregularly ... . ....... : . 4 
3. SandstOOle, ,gray, soft to quartzitic in places.............. 3 
2. Limestone, 'cherty ...... .. .. •.. ..... ..... .. ............ :. 2 
1. Sandstone" massive, yellow, with interbedded arena<!eo-
calcareous bands one-half inch to four inches in thick· 
ness. These bands ' are very hard, compact, fine-grain'ea, 
and are more resistant to weathering than the sandstone, 
so that layers stand out on weathered surfaces: Occa-
sional irregular fragments of this limestone, 1 to 2 inches 
in ,diameter, are found in the sandstqne; exposed...... 20 
Number .4 is' quar~ied to some extent, the product being used 
for ,rough masonry. The heavy overburden and the difficulty of 
pro~ucing regular blocks preclude any possibility of its extensive 
use as a coursing stone. ' 
The Pella beds have been quite extensively' developed at Dur-
, bam and between Durham and Flagler; southwest of Pella on 
I 
I 
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.the Pella-Knoxville road, and north of Tracy. The quarry 
.opened between Durham and Flagler, between the Chicago, Rock 
Island and Pacific and Chicago, Burlington and Quincy rail-
ways, shows the following sequence of beds: 
FEET. 
5. Loess and drift. .. . .. ... ....... . .. .. ....... : . . .... ... .... 3' 
4. Limestone, thinly bedded....... . ............ . . . ... .. ... . 6 
3. Limestone, in well defined ledg,e-s; varying from 6 to 20 
inches in thickness ..... . ...... . ..... . ......... ...... 5% 
2. Limestone, soft, granular, of little value for structural pur. 
poses . . . . .... .. .............................. . .••..•.. . 1"/. 
1. Limestone, very hard, breaks irregularly . ............ . ... 3 
. . 
A twenty inch ledge near the middle of number 3 is the princi-
pal layer in the quarry. It is coarse-grained, dark colored, but 
weathers white. The vertical joint planes are a sufficient dis-
tance apart to permit the removal of blocks of large size. Much 
of the product from this quarry and the old quarry northeast of 
FIG. 48-Exposure of Saint Louis limestone, near Harvey, showing Pella beds. 
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Durham has been shipped to points along the Chicago, Rock 
Island and Pacific Railroad as far east as Washington, Iowa. 
Most of the stone used for structural purposes and flagging in 
Pella lias been obtained from two quarries located about one and 
one-half miles southwest of the town on the Pella-Knoxville 
road. The beds exposed are very similar to those which are 
shown in the preceding section, save that an extensive 'deposit of 
marl similar to that which occurs in the Tracy quarries over-
lies the limestone. 
The Durham-Flagler. section is almost , exactly duplicated in a 
quarry opened on the southeast quarter of section 13, in Clay 
township, about three miles southeast of Harvey. The beds ex-
posed here are as follows: 
,FEET. 
5. Loess and drift, of varia.ble thickness. 
4. Limestone, thinly bedded, greatly fractured ....... . . ' .. .. . . 5 
3. Limestone, ilJl ledges varying from 4 to 20 inches in thick-
ness ................................................. 5 
2. Shale, black above and gray below, soft. . ... . .. . . .. .. .. ... Fl. 
1. Limestone, thinly bedded, crystalline.............. . ...... 1 
Here as before a twenty inch ledge just below the middle of 
number 3 is the principal ledge in the quarry. It is granular 
in texture, with vertical joint planes from four to ten feet apart. 
While the beds which comprise the Pella substage are per-
sistent and uniform in texture, and of convenient and sufficient 
thickness for building and other structural pur,Poses, they will 
probably never be extensively developed on account of the small 
aggregate thickness of the beds which l'!-re usable as compareq 
,with the amount of overburden and worthless layers which must 
be handled. Some of the upper beds will not stand alternate 
fre'ezing and. thawing, and should not be used in permanent 
.structures. The principal ledges, however, appear to withstand 
,weathering indefinitely as indicated by their fresh appearance~ 
both in natural quarry s~ctions and in walls which have been ex.-
;posed to the ;elements for more than ,twenty years: .(See plat~ 
iXXVIII, a, page 391:) 
The following' -tests were made by Profe~sors ;Marston anq. 
Weems on specimens secured from the Tracy quarry: '· 
Stone 
MARION COUNTY 
CRUSHING TEST. 
,r .,! I • 
Height 
in 
Inches I 
Gross sec-1 Breaklllg Str~~s-Pound~. 
tion Per Square lInch -
Square I Inches SpaJling .; Failure ' 
NQ. 31, Saint. Louis Limestone .. . . 1 
No. 32, Saint Loui~l.l:y'imestone ... . 
1.95 
2.0Q 4.12 I 7,300' I' 9,500 4.20 5,200 9,900 
ABSORPTION TEST. 
Stone ' . 
Per Cent of Increase 
24 Hours Week , ,Total 
No. 31, Saint Louis Limestone .... . .... . I 2.28 0.99 J 3.27 
CHEMICAL COMPOSITION. 
Calcium carbonate (CaCO, ) .... . . .. . . . .. . . ... .... . . ... .. 94.60 
Magnesium carbonat€ (MgCO. ).. .. .. . . ... . ........ . . . .. 3.17 
Alumina (AI,O. ) .. . .... . , ....... . . .. ..... . ... . .... .. . . . 0.49 
Iron oxides (F€O+Fe,O,). .. ........ . .. . . .. .. ...... .. .. 0.17 
InSQluble . . ......... . . ; . ..... . . . , . .. .. ...... . .. . . . .. .. 1.57 
Extensive beds of sandstone occur in the Coal Measures of 
Marion county. The most important deposits are found in the 
vicinity of Red Rock along Des Moines river. One-half mile 
northwest of the town a large quarry has been opened, the main 
face of which is thirty to forty rods in length. There is a maxi-
mum thickne'ss of 100 feet of beds here exposed. The stone was 
. channeled, by which method of quarrying blocks of almost any 
desired dimensions were obtainable. The sandstone separates in 
ledges five to six feet in thickness. Quarrying operations were 
formerly carried on here on an extensive scale. A switch was 
connected with the Wabash at Cordova and the product was 
shipped tQ points along this line from Des Moines to St. Douis. , 
The quarries have been worked only intermittently during the 
past fifteen years and are now practically abandoned. 
The sandstone appears ' to form an elongated lens about ten 
miles in length and .three miles wide. The longer diameter of 
the lens extends in a northeast-southwest direction. From the 
maximum thickness of over 100 feet attained by the beds, they 
thin rapidly. The higher portions of the sandstone ridge have a 
light overburden' of loess, but this attains considerable' thickness 
on either flank. The rock is massive and the heavy beds are 
practically free from joint planes. The sandstone is 'imperfectly 
29 
450 ROAD AND CONCRETE MATERIALS IN IOWA ' 
indurated, varying in hardness from exceedingly friable to ' al-
most quartiitic. The color lis also v!ariable, ranging from almost 
white or, pale yell<~w to de~p shades of red and brown. In some 
of ~he bers the coloring ~atte-r is :iqegularJy. ~istributed, 'pro-
ducmg a blotchy or mottled effect., The prevaIhng cements are , 
the oxides of iron and silica, although the upper beds are some-
what calcareous. While predominantly soft, the Red Rock stone 
resists ' we~thering well ~nd may be rated as fairly durable. It 
is not suitabIe for crushed stone products. 
MARSHALL COUNTY. 
SA.ND AND GRA. VEL. 
Sand and gravel deposits in Marshall 'county. are confined to 
Iowa river, ' Minerva creek and some 'of the small tributaries 
of the latter ,which issue from the Wisconsin ,drift. Stream 
terraces are so poorly developed within the county as to be un-
important, the large part of the gravels occurring as beds and 
bars in the stream channels. 
Excavations of various sorts show the presence of large quan-
tities of sand and gravel in the Iowa river bottoms. 'Twenty to 
thirty feet of these materials are known to exist in some places, 
under an ' overburden of silt and fine sand ranging from zero to 
five or six feet in depth. Between Marshalltown and Albion the 
sand flats along the river furnish an inexhaustible supply of 
good building s~nd. 
At and near Clemons the Wisconsin valley train gravels of 
South Minerva creek have been extens,ively developed both as 
railway baUast and for structural purposes. 
Both the Aftonian and Buch~an gravels are representE:ld in 
Marshall county, but to hardly such an extent as would warrant 
consideration from:an economic standpoint. At Albion ten ,feet 
of stratified, sand and gravel referable to the former stage may 
be observed. Gravels which doubtless are of the Buchanan age 
are , typically develope,d. at ,Albion. ' The grav~ls n~ar ' Giff9rd 
probably bel6ngto the WiscoD,siil :gravel trai,n. At ,}r.[arsp,alltown , 
there 'ar,e :qve fo ten "feet of siliceous· IPlite6!O\.1 .at t:4e b!O\.s'e of 
the loes's; ' These"sub;Ioessial. gravels "ate 'Widely distrib~ted' over 
the county and often attain a considerable thickness. ' 
• 
PLATE XXXVI-Typical section In quarry of LeGrand Quarry Company. Quarry. Marshall county. The entire assemblage of 
beds are suitable for road and concrete materials. 
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STONE. 
The Kinderhook immediately underlies the drift over the 
northeast one-third of Marshall county, and extensive outcrops-
may be viewed along the Iowa river in the vicinity of Quarry 
and LeGrand, along Nicholson creek at Rockton, and on Timber 
creek, about two and one-half miles southwest 'of Quarry. All of 
the leading exposures are near the trunk lines of railway which 
cross the ,county, and all are connected by switches extended 
from these lines. 
In the southeastern portion of the state, · there are extensive 
outcrops of the Kinderhook, notably at Burlington, which con-
sist of shale, fine-grained ' sandstone, and sub crystalline lime-
stones, of which the first and last members are the most inl-
portl:!-nt. In 'Marshall county, the calcareous beds greatly pre-
dominate. Five fairly well defined divisions can be recognized 
readily, the lowest member of which is a shale which resembles 
the shale member in the pit of the Granite Brick Company, at 
Burlington. This is overlain by a fine-grained, blue' to gray cal-
careous sandstone which is in turn followed by beds of oolite. 
Above the oolite, cherty magnesian limestones are present in 
considerable thickness, and completing the section are the brown 
to gray subcrystalline limestones. 
The Kinderhook shales are not exposed in Marshall county, 
but are present in well sections which penetrate the indurated 
rocks. The basal member exposed is the fine-grained sandstone 
which appears only in the eastern portion of the county. The 
. leading quarries develop the oolite and the magnesian limestone, . 
although all of the members above the shale have been exploited 
to some extent. The most extensive section in the county is ex-
posed north of LeGrand, near Iowa river. The foilowing se~ 
quence of beds may be observed at ·this point: 
FEET. 
18. Loess, interstratified sands and silts below . . . . . . . . . . . . . . .. 16 
17. Bowlder clay oxidized a deep brown and containing ·bowl-
ders much decayed .. .. ... .. ... ... . .. . .. . .. . . .......... 5-10 
16. Limestone, subcrystalline, pebbly. ... . . ............ . .. . . . . 3 
15. Oolite, fine-grained, with many ' brecciated grains . .... .... 4 
14. Limestone, gray, slightiy' o<llitic . ... .... .. .. . .. ... . ... . ... . 2lh 
13'. Limestone, gray above ~n(J." 'yellow ' below. .. . . . . .. .. . .. . .. .. . .. . . . 2 
•• ' .,1' 
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FEET. 
12. Limestone, buff, magnesian, ra.ther heavily bedded, .bi:lected 
,.', , _ .. . _ .. :b.y . cl1ert banq ,aJ:lout four fe~t from the base.......... ~ 
11. Limestone, mixed gray, blue and buff, breaks very ' irregu-
.... - - ..... , ' . - latly -("Brindle" of the quarrymen) really an intraforma- ' 
, _. _. . tton.aI: .conglpmerate . ', , ' . ' . ........ : ............... : . . . . 3lA! 
10. . Chert .......... . '.' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . V3 9:' Limestone, 'son; ' yellow, arenaceous; iil thin layers; earthy 
in places . ....... , ' .......... . ......... ' ............... . .. ... . 
8. Chert .................... . ... _ ...... ' ........ .. .... . .. ... . 
7. Limeliltone, blue, v.ariegated to yeilow .. hrown .. . ........ ... . 
"6: Chert ... ..................... ~ . ' .. .... : .. : ' ..... . ... .. .... . 
5. Fossil ,breccia with lenses of crystalline calcite .......... '" 
4. Limestone, ·buff, magnesian, fine even texture and massive; 
cherty concr,etions scattered promiscuously throughout. 
One quite persistent band of .chert rubout four feet from 
2% 
V3 6 . 
14 
1 
the 'base . ............ . . . . . . . .. . . . . . . . . . . . .. . . . . . . . . . . . .. 12 
3. Limestone, blue, variegated to brown, hard, conchoidal frac~ 
ture, in heavy layers ....... .. ............... .. ........ 3lA! 
2. Oolite, in layers 14; 12, 8, .9, 6, 36, 26, 24 and 42 inches in 
thickness . • ........ , ........ ..... . ..... ..... ... .. . ~ .. . 15 
1. -Sandstone, fine-grained, blue, calcifercus, in part shaly, ex-
posed ........ . .. .. . ....... . ................ .... . . . ..... 10 
The beds dip gradually to the southwest, and as the ground 
rises in that direction, are soon carried below the surface of the 
river. Near Indian Town in Tama county, the base of the oolite 
lies more than twenty feet above the water level. At the north-
east quarry above LeGrand, it is about ten feet above the water 
level, while in the west quarries, both the oolite and the sand-
stone lie below the bed of the riv~r. At the west quarry, the 
upper members in the above section ·are better developed. Num-
ber 16 shows a thickness of about twelve feet. At Rockton only 
numbers 14, 15 and 16 are exposed, and the beds are more shat-
tered and weathered than their equivalents in the LeGrand quar-
ries. The section exposed near the Minneapolis and St. Louis 
railway is second only in importance to the Quarry and Le-
Grand sections. The bed~ exposed are as follows: 
FEET. / 
8. Loess, sandy ;belo:w ............... :.... . ... .. ... . .. ...... 10 
'7. Bowlder ,clay (Kansan)...................... . ....... .. .. 6 
6. Limestone, · brown, subcrystalline; thinly bedded, and rubbly 
above, heavier below ............. ...  . . . . . . . . . . . . . . . . . . 8 
5. Limestone, yellow, brittle, with occasional small caverns 
decorated with concretionary calcite................... llA! 
4. Limestone, blue, hard, 'brittle ............... ;............ 2 
3. Oolite in three layers, 8, 22 and 6 inches r espectively... . . . 3 
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" FEET, 
2. LiIp.eston!l" gray-browp-, With layers of blue, subcrystalline 
, limestone inte~bedded ........... ; .......... : , ....... . 6 
1. Limestone, gray-blue, close-textured, soft , when fitst exposed, 
weathered portion, yellow; layers vary from 6 to 18 
inches, very evenly 'bedded, magnesian. :. ............. 12 
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The oolite in the Timber creek section is undoubtedly the 
equivalent of the oolite exposed at Rockton, and the upper oolite 
of the LeGrand section. Numbers 1 to 6 in the 'Timber creek 
section find their counterparts in 12 to 16 in the LeGrand section, 
With the possible exception of Number 5, which was not certainly' 
recognized farther north and east. 
The differences in physical prope,rties and ' coloration are 
largely if not wholly due to differences in the weathering. The 
Timber creek beds are in large part below the water level, and 
the prevailing colors of the beds developed are 'shades of blue 
and gray, while the tones of yellow and buff which prevail in'the 
east quarries at LeGrand are 'believed to have been brought 
about through the action of weathering agencies. The hardness 
of the Timber creek stone increases materially on exposure. 
Kinderhook beds are also exposed northwest of Liscomb, near 
the center of section 2. 
Quarry Industry. 
The Kinderhook beds have been exploited mainly in the vicin-
ities of Quarry and LeGrand, and Timber creek. Quarries were ' 
operated formerly at Rockton, but have been abandoned for 
some years. 8tone has also been taken out along 'the river, near 
Liscomb, for local use only. 
LE GRAND QUARRY COMPANY, 
The pioneer in the quarry industry, as well as the largest com-
pany operating in the' county at the present time, is the LeGrand 
Quarry Oompany, with its central office in Marshalltown. The 
company owns and operates quarries at Quarry and Timber ' 
creek. 
r' • 
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Quarry.-Three quarrie~ are connected with the Ohicago and 
North Western railroad, by branch -lines at this point. Active 
operations were begun as early as 1860, when a limited quan-
tity: of building stone and lime was produced. Two years later 
the railway tracks were extended into the qua,rries, and the 
company has operated continuously ever since. 
- At present only the southeast quarry is being operated. 
The quarries are now under .lease by the Ohicago and North 
Western Railway Oompany and are being operated by Dolese 
Brothers of Ohicago. Orushed stone is the only product. 
The plant -is fully equipped throughout with the most ap-
proved machinery for _ producing crushed stone economically. 
Hand labor is reduced to a minimum. _ The quarry rock is first 
shattered by blasting, then loaded by steam shovel into dump 
cars which are conveyed to foot of crusher incline by dummy 
engines, hoisted by cable and dumped directly into a number 
11 Gates Gyratory crusher. The product from the large crusher 
passes into a trommel screen, the oversize being conveyed to 
two auxiliary crushers. The entire product is elevated to the 
top of the building, si~ed and distributed to the appropriate 
storage bins. This is the most complete crusher plant in the 
state. 
Timber Creek.-The LeGrand Quarry Oompany has also de-
veloped an extensive quarry in Timber creek. A side track is 
laid in from the Minneapolis and Saint Louis railway and the 
plant is well equipped with modern machinery. The beds worked 
are the same as those at Quarry, from the magnesian lime-
stone upwards. As has been mentioned, the magnesian limestone 
here differs incolo'r from its homologue at Quarry and Le- -
Grand. At the latter places shades of buff prevail, while at 
the Timber creek quarries the chief beds are a gray-blue with 
occasional layers in part light yellow. The fact is emphasized 
that the predominating color in the unaltered LeGrand beds 
is a gray-blue, which is changed to tones of buff and yellow 
through weathering agencies. Here as in other places, the m&g-
nesian layers succumb less readily to disintegrating forces than 
I 
I 
I 
PLATE ·XXXVII-The L eGrand Quarry Company crusher plant-perhaps the largest crusher plant in Iowa . Quarry. Mar-
shall county. 
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the associated beds, and as a consequence stand out prominently 
in natural quarry faces. \ 
The upper oolite and brown subcrystalline limestone are of 
more importance here than at the exposures along Iowa river. 
The Coal Measures in Marshall county consist chiefly of shales· 
with occasional beds of sandstone. A heavy bed of sandstone 
appears in Timber Creek township, and has been developed to a 
limited extent. Quarries have been opened on sections 8 and 9, 
and stone suitable for the rougher grades of masonry has been 
produced. The sandstone is reddish brown in color, and appar-
ently durable. It exhibits a conglomerate facies in part. Well 
polished grains of sand and gravel are laid in a matrix of ferric 
oxide. Some of. the iron oxide is found in the form of small 
nodules which frequently are hollow and possess the concentric 
~tructure peculiar to concretions. The impressions of trunks 
and branches of trees which have retained their ~oody texture 
in a remarkable degree, although their original organic sub-
stance has been ·entirely replaced by mineral matter, occur 
throughout the ~eds. In some instances, a pulverulent ash sur-
rounded by a highly' ferruginous · shield is all that remains. One 
case exhibited a central core of very hard material, almost 
quartzitic, around which was a zone of wood fibre, and sur-
rounding all, a concentric, ferruginous shield. All of the stems 
are in a · recumbent position. 
At the present time only the upper layers have been exploited. 
The lower beds are more regular and afford a stone suitable for 
building and trimming. 
The sandstone here as elsewhere in the Coal Measures is not 
suitable for crushed stone products. 
MILLS COUNTY. 
SAND AND GRAVEL. 
There are only a few places in Mills county where gravel has 
been f01,lnd, and these are along the Missouri river bluffs. Out-
crops may bE;) seen in ·section 4 of Oak township and section 10 
of Lyons township. Extensive operation of these pits ilS not 
feasible on account of the rapidity with which the loess cover 
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deepens back into the bluff. ;LocaI supplies for smali work only 
are taken from these pits, the materials used for work of much 
importance being shipped from Platte river in Nebraska. 
The town of Farragut obtains small amounts of sand for local 
consumption from the east fork of Nishnabotna rIver. 
STONE. 
The constitution of .the Missouri in Mills county is almost an 
exact duplicate of the stage in Fremont county to the ·south. 
The shale members greatly predominate, and as before, the ex-
posures of the indurated beds are limited almost wholly to the 
bluffs facing Mis'souri river. A few exposures are fO}lnd else-
where, especially along Nishnabotna river and its immediate 
tributaries. While the limestone. ledges appear at a consider-
able nu~ber of points, quarrying operations have been carried 
on at a very few, and the probabilities are that the industry 
will never attain any importance in the co-q.nty. The leading 
sections are given below. 
Section in the bluffs in the southeast quarter of section 16, 
Lyons township: 
13. 
12. 
II. 
10. 
9. 
8. 
7. 
6. 
5. 
4. 
3. 
2. 
. 1. 
, 
FEET. 
Loess and drift of indefinite thickness, which reach great 
depth immediately back from quarry face, average.... 18 
Limestone; Qolitic abov~ and compact below....... .... ... 3 
Shale, gray, with two calcareous stone layers about 3% and 
4% feet from the upper surface, fossiliferous throughout 6% 
Limestone . ........ . .... ......... . .............. . . ... . .. 1 
Shale, gray, calcareous and fossiliferous.................. . 1 
Limestone with a band of chert........... .. . . . . . . . . . . . . . 1%, 
Shale, gray and black, slightly calcareous, with occasional 
streaks or pockets of ooal. . .. . ....... . . .... .. , . . . . . . . . . 1% 
Limestone, compact, white, breaking pre·ferably along verti-
cal planes ..................... . ...... .. ... ... .... . . .. 1 
'Shale, varying from slightly to highly calcareous . .. :. ... . . 2 
Limestone, gray, fragmental, ' some of the fragments clean 
and some covered with oolitic crust, all imbedded in a 
. fine-grained matrix .. .... ... ....... ..... ...... ........ 3 % 
Limestone, shaly, gr.ading into 4 .................... : . . . . . 1 
,Limestone, yellowish gray, in heavy ledges, showing a tend-
. ency to wedge out, shale partings presi:)nt....... . . . . . . . 4 
Shale, bluish gray to black; and talus ... : ": : : . : .:.: . .. : 8 
The . above is the · most important section ip. the CO}l:Q,ty, . and 
continues along the bluff for about half a mile. Extensive 
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quarrying was carried on formerly, bu~ the industry has been 
praGticallyabandoned. Number 2 appears to have furnished the 
most important quarry stone. A small quantity o£ stone is now 
burned for lime at this place. 
Section formerly exposed in the quarry near the Missouri 
river bluffs, at Mills station: 
FEET. 
6. Loess and drift of variable thickness . . . ............. .... 50-60 
5. Disintegrated limestone containing FusuZina cyZindlrica.. . . lh 
4. Yellow shale ordisintegr.ated limestone containing FusuZina 
cyZindrica ..... . ... .. .............. . . . . ... ......... ... 2lh 
3'. , Limestone, deeayed and yellow above, gray and sound below, 
containing numer·ous nodules· of fossiliferous chert. . .. 3 
2. Concealed, pro'ba:bly shale ....... .. . ..................... 2 
1. Bluish, dark gray limestone : '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Only No. 3 is 'now visible in above section. The same stone 
appears in the stream channel south of the railroad. 
Section in the quarry at Henton: 
FEET. 
5. Loess aJnd drift of varilllble thickness. 
4. Shale, gray, with thin calcareous layers and occasional small 
calcareous concretions ..... . . . .. ...................... 2 
3. Limestone, gray or yellow... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . llh 
2. Limestone, gray to cream-colored, with dark cherty ooncre-
tions several inches in diameter, somewhat pyritic ... .. 1 
1. Limestone, light · bluish gray, in heavy ledges with some 
shale partings, aJlld irregular nodules of chert; fossil-
iferous .... ........ . . ...... ..... . ... ..... ... . ......... 3 
Several small quarries have been opened in this vici'nity. 
Quarrying operations have, however, been carried on only inter-
mittently, and then in a desultory way. Away from the Missouri 
bluffs, very few quarries have been opened, although the lime-
~tone members are occasionally exposed. The section given be-
low shows more limestone than the average. 
Section near the banks of Silver creek, one-third of a mile west 
of the center of section 5, White' Cloud township: 
FEET. 
7. Loess and gravelly drift.. .... ....... ... . ... .... ...... .... 17+ 
6. Shale, marly . .......................................... liz 
5. Limestone, grayish yellow, in three or four ' heavy ledges, 
cherty and cavernous ....... :............. .. ... .... ... 6 
4. Limestone, grayish blue, compact. . ............. .. ... .. .. %' 
3. Talus slope ......... , .............................. . . ~ . . , 2 
2. Limestone, yellow, fragmentaL .......... ~ .. ~ ...... . . '. . . . 2 
1. Limestone, formerly quarried, but now: concealed to water 
level of Silver creek, about . .. ............. .. . . .. . . :· . .. 3 
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: These beds are much obscured, the outcropping edges of No.5 
being th~ only stone visible in place. Quarries were formerly 
operated in section 36, Rawl!) township, the upper ledge being 
striated. Stone is no longer 'quarried in the vicinity. Whiie 
the limestone ledges exposed are of fair quality for crushed 
stone purposes the large percentage of materials which must 
be wasted makes quarrying unprofitable. 
MITCHELL COUNTY. 
SAND AND GRAVEL. 
Mitchell county is almost completely covered with Iowan drift . 
except for a few "islands" of Kansan drift overlain by loess. 
While the Iowan drift is often covered by ' a gray loess, the 
thickness of this is measured in inches rather than feet. Bu-
chanan gravels are represented by both the valley phase, ap-
pearing now as stream terraces, and the upland phase. (See 
Buchanan county report.) In addition, reworked materials and 
Iowan gravel trains are present. The former appear 'as sand 
and 'gravel bars in Little Oedar river ·east of Osage, and in the 
Wapsipinicon near Riceville, but as a source of supply are of 
minor importance. . . 
Stream T erraces.:-=-The valley phase of the Buchanan gravels 
makes its appearanee along Little Oedar and Wapsipinicon 
rivet's. A low terrace rising from ten to fifteen feet above the. 
flood 'plain of the Little O~dar probably contains sand and gravel, 
judging from the spring~ above and the bogs below, yet no 
·pits could be observed. . 
Terraces of Iowan age may be seen occasionally along the 
. Cedar valley. The city of Osage derives much of its supply of 
sand and gravel from a pit in a broad terrace fifteen feet above 
the river flood plain in the northern part of section 34, Oedar 
township. This pit is operat.ed by the Osage Oement Products 
Company. The section sho'ws: 
FEET. 
Soil, pebbly ........... . . . .................. ' .' .............. 'h-1 
. Gravel, fine, some sand amd coa.rse gravel, dark 'brown...... 1-2 
. -GraV'el, similar to· above but lighter ' colored .... , ..... , . .... 1-2 
'.' ·Gravel, fine to coarse, fairly clean, . containing limestone slabs 
.. and · a little clean sharp sand, exposed.............. 5 
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Several acres of similar materials are known on N. W. Nel-
son's farm, where pits have been opened; In section 21 of. the 
same township, there is another broad terrace similar in its 
essentials to the one just described. 
Upland Gravels.-The upland phase or outwash aprons of • 
the Buchanan stage are of prime importance in road construc-
tion as' they are .more evenly distributed than any of the other 
forms in which suitable materials occu'r. Professor Calvin in 
his report on this county in volume XIII of the Iowa Geological 
Survey describes a few pits in the following way, ." There is 
a typical pit of the upland phase of the gravels a short distance 
southwest of Osage in the northwest quarter of section 35, Cedar 
FIG. 49-Buchanan gravels overlain, by Iowan loess, in the northwest quarter of 
s ec tion 35, Cedar township, Mitchell county. . 
township. The deposit is very ferruginous and weather-stained. 
Most of the crystalline pebbles are profoundly altered and de-
cayed. The section shows four feet of coarse, ferruginous gravel. 
Along with the northern granites and greenstones are some 
fragments of the local lithographic limestone, and it is inter-
esting to note that the limestone has :;;uffered less from weath-
ering than most of th~ crystalline pebbles. Above the gravel is 
30 
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a mantle of fresh Iowan loess. There is no Iowan drift. The 
pit is located on a knob which rises eighty feet above the level 
of the river. A shod distance west of Mitchell is another pit of 
rusty Buchanan gravel similarly located in a loess-Kansan area 
which rises conspicuously above the level of ' the adjacent Iowan 
plain." 
Gravel is common along the river but it is found on the bluffs 
and not in the valley. An example of this is an iro~-stained 
gravel occurring on the bluff at the west end of the mill dam in 
Mitchell. Extensive deposits are also fairly common on the up-
lands remote from the streams. It seems hardly necessary to 
mention each deposit but it might be added that Jenkins and 
Douglas townships have these gravels in greater abundance than 
other localities. 
STONE. 
The Cedar Valley limestone of the Devonian forms the country 
rock over the entire county. Excellent sections may be seen 
along the principal streams, especially along Cedar river west 
of Osage. Practically the entire series of beds known to occur 
in the county appear in a single section aggregating about 
eighty-five to ninety feet. According to Professor Calvin in his 
admirable discussion of the Geology of Mitchell county the de-
tails of one of these standard sections are as follows ': 
The Chandler Cliff Bection, located on the east side of the 
river on the southeast quarter of the southeast quarter of section 
21, directly, west of Osage: ' 
FEET. 
26. Residual clay in which thin, weat:tJ,ered slabs and flakes of 
'limestone are embedded, part of mantle of waste...... 4 
25·. Limestone, coarse-grained, rough, weathered, magnesian .. 
24. Limestone, firm, fine-grain ed, lithographic ledge, somewhat 
concr etionary and containing imperfectly preserved 
stromatoporoids ... , . . .................. " ...... , .... . 
23 . Limestone, partly decayed and partly shaly layer ....... . 
22. Limestone, fine, light colored, lithographic bed. The bed as 
usual shows two divisions which are separated by a pecu-
liar suture-like joint due to the interlocking of small 
prominences from the apposed surfaces. This interlock-
ing joint is' seen in all the exposures of this ·vicinity. The 
interlocking denticles show stylolitic structure ..... . .. _ . 
21. Shaly parting ' ..... . .... .. .. ................ ........ ..... . 
1 
1 
2 
lh 
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FEET. 
20. Limestone, lithographic, in three parts; upper part as usual 
very fine-grained and homogeneous; ...... . :'. . ... ::. .... 2% 
19. ~haly paru,ng ····: · ···· ······,······:······ t·; · : .... ···· !;6 
U~. Limestone, lithographic, fine-grained ....... : ....... . .. ;... 1 
17. Limestone, coarse, dolomitic.............................. 1 
16. Limestone, fine-grained, laminated.... .. ...... .. ..... .. . .. 1 
15. Dolomite, coarse, granular, in beds ranging from six inches 
to a foot in thiclmess............................ . .... 4 
14. ,Shaly parting .. .. ; ......... ; .................... ;..... . % 
13. Limestone w.ith lithogr3iphic nodules embedded in granular 
matrix ....... ; ... .......... ; ......... ..... . ........ . . 1!;6 
12. Limestone, heavy layer which is dolomitic below and partly 
lithographic above. The lithographic 'portion is joined to 
the coarser dolomite ,by a wavy and irregular line. .. .. . 1!;6 
11. Shaly ,band, variable in thick1J1ess, averaging about...... % 
10. Dolomite, heavy layer, subcrystalline.. .. ... .............. 1% 
9. 'Shaly parting .. , .. .. " ...... .... ..... .. . . ... . . . .... .... . V6 
8. Limestone, thick layer, coarse and granular at the base, up-
per six inches partly lithographic .. ........... " . . . . . . . 1% 
7. Limestone, hard, light gray, lithographic 'stone. ... . . .. . . 1'/12 
6. Limestone, shaly, decayed ............ :........ ......... 1 
5. Limestone, light gray, crystalline, good building, stone. . . . . . 1!;6 
4. Dolomite, evenly 'bedded, yellowish, good quality, quarried 
for building stone at many points in the county, layers 
ranging up to a foot or more in thickness, no fossils. . . . 9 
3. Dolomite, irregularly and indefinitely bedded, much checked 
and cut by joints, carries numerous casts of Athyris 
vittata and other species characteristic of the same hori-
zon. This member will be referred to hereafter as the 
Athyris zone ......................... ..... ... ...... " . 12 
2. Limestone, two heavy, irregular, non laminated, dolomitic 
beds, containing many shapeless cavities lined with cal-
cite ...•........ .. .......... ... . .. .. .' ........... :. . ... 5 
1. Limestone, magnesian, partly dolomitic, in regular layers.. 15 
For convenience a generalized section may be composed from 
the above section and one or two others in the' immediate neigh-
borhood. The following is believed to , closely approximate the 
truth: 
GENERALIZED DEVONIA~ SECTION. , 
FEET. 
8. Magnesian limestone above the lithographic zone, repre-
sented usually by weathered chips ... . .... ............. 6 
7. Lithographic' zone ..... : .... : :". : ...... '" ..... ; :. ;'. ;';; ',' 9 
6. Assemblage of variable beds between the lithographic zone 
, a~d , the evenly bedded quarry stol1e .... , ... . ... , ..... ,... 16 
5. Quarry stone, No.4 of the Chandler cliff section .... ..... '10 
4. Athyris bed ' .......... ... ·;: . . :;: ... ; ... :.;: ..... .. :;., .... ; ' ,.12 
3. Coarse, vesicular bed ,with calc~te-lined ,cl!ovit~es; .. : ;'. ' ;, .... " 6 . 
o 2. .R.~gularbedded doloJl!.He l!ot bas,e of, Chandler :sElction .. ' ,' . : 15, 
1.-' Folded and brecciated zone . '. ':. :: .. .. : '. . .' .. : .. ','.' . :'. : . :: ~ .. '- 15 ' \ 
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FIG, 50-Cliff b el ow th e wag-on bridge in the northeast quarter of section 28, 
Osage township, Mitchell county, There are folded and brecciated b eds a t 
the base of the cliff; the lithographic limestone appears , at the top, 
Number 1 in 'the genera!' secti'on may be seen one-fourth mile 
below the electric power plant just below the wagon bridge di-
rectly west of Osage. ' The upper portion ' 0'£ 'the ' section closely 
resembles Chandler's Cliff, 
T~e principal streams in the county are strike , streams and 
the general slope is parallel with th,e dip 1:10uth and west. The 
beds which are quarried at St. Ansgar are essentially the same 
as those quarried at Orchard, and those being developed in the 
vicinity of McIntire find thei~ counterparts in the quarries along 
Rock creek. . 
In the vicinity of Osage quarrying operations are limited al-
most wholly to the lithographic beds. N ear Mitchell and St. 
Ansgar, and along the Little Cedar from Stacpille to Brown-
ville, the regularIy bedded dolomites" corresponding to number 
4 in the Chandier section, are worked. At McIntire and along 
Rock creek the lithographic zone is the 'one mainly utilized. At 
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OtrantQ the Athyris bed is worked and it would appear that 
number 1 of the Chandler section ought to be within working dis-
tance of the surface. In' order that the details may be better 
undersfood . arid' "the latent resources ' of the county ~ore fully 
appreciated, a detailed quarry section from each of the more 
important districts is given below. A considerable number of 
quarries have been opened along Sugar creek southwest of 
Osage. One ' of' 'the most important of these IS known as the 
Le'\Yis lime quarry. The section is as follows: 
FIG. 51-The Lewis lime quarry, in southeast quarter of section 27, Osage town-
ship, Mitchell county, one and one- ha lf miles southwest of Osage. The beds 
exposed are h ard and compact and are fairly representative of t~e vicinity. 
LEWIS LIME QUARRY. 
FEET. 
10. Dark brow'n residual clays with some gr'anular, calcareous, 
residual material resembling fine sand, and 'many .weath-
ered chip~ of limestone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
·9. Limestone, firm, whitish, fine-grained ledge of concretionary 
lithographic stone containiong a number of obscure strom-
atoporoids .... . ........... ' ..... \. . . .. . ... .. ... . . ... .. . % 
8. Limestone, shaly, fossiliferous, fossils mostly in the form of 
comminute'd brachiopod shells ...... . '. . . . . . . . . . . . . . . . . . 14 
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i . -':Uimestone, hard, fine~gr~iIted~ 11thographic, with 'lamination ', . 
planes well defined.in some places, less perfectly defined 
in others, and with a tend'ency to sputup into individ-
ual ,layers of varying 'degrees of thickn~ss .... .... . ... lYc, ' 
6. Shale, :marly .. " .. ; .. ...... " " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 
, 5. , Limes~one, heavy ledge of fine-grai~ed UUiographic stone 
dividing into two parts, the upper ten, the lower seven-' 
: teen inches in , thickness. The lower five inches is very 
fine and homogooeous in texture and tends in places to 
separate as a -distinct lay.er .- .... . .... .. . . ...... .. ; . .. 214 
4. Thin shaly parting . ..... . .... .. ..... .. ........... . .. . .. _ '/12 
3. Limestone, ledge of fine-textured lithographic stone in three 
.parts, eight, sev,enteen and one-half, and three amd one-
'half inches , respectively ... .' . ... . ....... .. . . .. . ....... 2J;j 
2. Shaly parting . . ..... .. : ... .. ... ........................ '/12 ' 
1. Li:mestone, coarser and less perfect lithographic stone, in 
two parts, eleven and nine in-ches thick ........... _. . .. 171 
Beds 3, 5, 7 and 9 are fine-grained and light colored, break 
with conchoidal fracture, and would all be classed as lithographic 
limestone_ It is the upper eight inches of No. 3 and the lower 
five or six inches ,of No.5 that are fine enough and homogeneous 
enough to give promise of possessing commercial value as serv-
iceable lithographic stone. All the beds are checked and jointed 
on an extensive scale, and this renders it difficult to obtain blocks 
of usable size for lithographic purposes. 
The lithographic beds are quarried at an opening on the land 
of Dr. W. H. Gable in the northwest quarter of the southeast 
quarter of section 27 about half a mile northwest of the Lewis 
quarry. The lithographic beds here, as elsewhere, are remark-
ably durable as evidenced along natural 'fissures: Detached 
blocks which bear evidence of long exposure, ring when struck 
with the hammer and show slight indication of surface softening 
and disintegration. An average sample was taken from the 
Ga ble quarry and analyzed. The results were as follows: ., 
Insoluble ...... ,..... .. .. ...... ..... .............. .... 2.21 
Iron and alumina ................................. .... 3.82 
Calcium carbonate ......... .. ............ ... ... ... .... 90.17 
Magnesium carbonate . . .. . ' . . ..... ' .. ; .. ; , .. ....... -.. , . ,1.0'3,-
Moisture and 'organic matter .; .. .... . : .. .. . ; ... ; ... ; . .. 2.63 
'. ' . ~ . · 99.86 
A. O. ANDERSON; Analyst. 
The sections .. exposed at ,SL ~nsgar. and Mitchell show no new 
facies. The dolomitic beds "are " wor-ked the' mo'st though the 
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lithographic beds are available at ,the latter place. At Otranto 
only the. lower beds exposed in the. Chandler section are known, 
. while along the Little Cedar . the middle to lower beds are 
available. 
Near McIntire the following section exposed near the mill 
southeast of town may be taken as a fair average. The beds 
exposed are as follows: 
FEET. 
5. . Loess and sOiL ... : ........... . . .. . . .. . . . ......... ·. ..... 6 
4. Limestone, decayed, magnesian, granular . . .. .. ... '. ' . . . . . . . 2 
3. Limestone, laminated, lithographic stone. . . .. .. . . .... . . . . 3 
2: Limeston€, solid, gramular and fossiliferous . . .. .. . . ... . . . · 114 
1. Limestone, thin-bedded, partly lithographic stone, variable . 2 
In the bed of the small creek between the quarry and the mill, 
there are firm dolomitic beds below the level of the above section. 
The entire assemblage of beds in this part of the county are sup-
posed to be the equivalents of those exposed near the top at 
Osage and Orchard. . 
Notwithstanding the abundance of excellent structural mate-
rials available none of the quarries are of more than local im-
portance. 
The Cedar VaHey limestones, as a whole, especially as devel-
. oped in Mitchell county, are thoroughly indurated and are above 
the average in quality for crushed stone purposes. At the pres-
ent time transportation facilities are not available at most of 
the best quarry sites. 
MONONA COUNTY. 
S A ND AND GRAVEL. 
The important sand and gravel deposits of Monona county 
are. in the main similar to those of Harrison county; they are 
the old, .loess and drift covered Aftonian gravels. Professor 
Shimek, in his report on Harrison and Monona counties in 1909, 
enters into a quite comprehensive discussion of this formation, 
and the parts of it that have .bearing on the substance of this 
report · are reproduced in the discussion of Harrison county. 
Duplication of that material is hardly necessary here, and the 
reader is -referred to the first 'f.ew pages of the report . on that 
county for the general facts which relate to both. 
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As mentioned in the r:eport on Harrison county, the sequence 
of numbers of the detailed descriptions by Shimek covers both 
counties. Those which follow here are all within Monona 
county, and the numbers will be found to supplement those 
. previously reported. It has been convenient to arrange them 
here by townships. 
B eivider e ToWnsMp. 
8 . Elliott Pit.-This is a sand pit located in the .northeast 
part of-Turin . . Sand and gravel in this pit are typically Afton-
ian in the cross-bedding, streaking with iron and Mn02 , the 
presence of silt and drift nodules or pellets and white, soft cal-
careous nodules, and the occurrence of mollusks in the sand and 
mammalian remains in the gravel. The Aftonianis exposed to 
a depth of about twelve feet. In the greater part of the expo-
sure the fine sand lies above the gravel, though there is some 
interbedding, but near the south end a layer of coarse ferru-
ginous gravel rests on the sand. A distinct band of bluish or 
reddish laminated silt was found above the sand and gravel. It 
is about two feet thick, and grades downward into fine sand. 
There are two small pits in section 34; and a gravel pit show-
ing Loveland in Crabb's bluff in northwest 27. 
K ennebec Township. 
9. Ord'way Pit.-Located on a bluff on the southwest side of 
Maple river, opposite Castana. The Aftonian here rises about 
forty feet aboye the Maple bottoms and shows the following 
.section: 
F EET. 
5. Loess, abundant on ridge above section. 
4. Lovelamd ..... . ...... . ... . .... . ... ... . ....... .. ..... .... 5·6 
3. Kansan drift .... . .. . . . . .. . .... . . . . . . . .................. 6-18 
2. Aftonian, fine, cross·bedded, with inter stratified silt and 
other characteristics of typical AftonHl.n . ... .. .. . . .. . .. . 5-8 
1. Aftonian ferruginous gravel, in part forming conglomerate 
plates .............. .. .. . .. . ... .. . .. ..... . ...... .. .... 3-4 
,-Both this and the following section are on a sloping Kansan 
bench with no overlying loess. In the northern part pf the 
same pit a layer of gravel thrEle feet in thickness lies under the 
sand. Several large bowlders rested on this gravel layer. 
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10. - Ordway WeZt-This is excavated' on the ' same' terrace-
like slope about one-eighth of a mile northeast of the pit. It 
shows the presence of Aftonian sand, with a little gravel; un-
, derlying, Kansan' till and resting on a deep bed of Nebraskan 
drift. 
16. Weniger Pit.-A sand pit located in the east half of sec-
tion 18, in the bluffs facing the Missouri valley. It shows eight 
feet of sand and gravel, on which typical Kansan drift rests un-
conformably. The Aftoilian here rises about forty feet above 
the Missouri bottoms. 
MONROE COUNTY. 
SAND AND GRAVEL. 
Terrace gravels occur along some of the larger streams in 
Monroe county, but the deposits are somewhat interrupted. 
Large quantities of excellent material may be obtained from 
Des Moines river in the vicinity of Eddyville, both from the 
present. stream channel and from the flood plain. The Chicago, 
Burlington & Quincy Railroad Company has put down a number 
of test pits along Whippoorwill creek in Wayne and Guilford 
townships. The pits show from ten t9 twelve- feet of gravel. 
The gravels are evidently stratified and in some of the pits 
show materials fairly free from silt and clay, which are suit-
able for railway and road work. These gravels form a terrace 
some twenty to thirty feet -higher than the present flood plain. 
As a rule, the terraces at lower levels are composed of fine 
gravel with predominating sand and some silt and are not so well 
suited for road work. The low~r terraces are usually covered 
with alluvium from zero up to four or five feet in thickness. 
The older gravels are not availa:ble. The principal source of 
supply is pes Moines river outside' the confines of the county. 
STONE, 
' The ,saint , Louis _ limestone , outcrops along the principal 
streams in the immediate vicinity of Eddyville. The harder 
beds afford 'excellent materials suitable for road and concrete 
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work, but only limited quantities 'are available on account of 
the excessive stripping when the bed~ are followed into the 
bluffs. 
MONTGOMERY COUNTY. 
,sAND AND GRAVEL. 
. . 
The only deposits of sand and gravel in Montgomery county 
which are of any im'portan'ce are found in East Nishnabotna 
river. These ate very small, however, and are of practical value 
only from Stennett to a point a short distance below Red Oak. 
Other streams have some sand and gravel, ' but in such small 
amounts as to be of no economic importance. 
Sand which is practically uncemented and usable for struc-
tural purposes . is occasionally found in the Oretaceous beds 
which underlie the surface deposits. In the upper portion of 
the Oretaceous between Ooburg and Red Oak the conglomerates 
and loose sandy and pebbly layers are quite accessible and could 
be made available. At the former place the combined. section as 
given by Lonsdale in his report* ·on the county, is as ~ollows: 
FEET. 
5. 'LoesS . ..... .. .. ... . ..... . .................. : ... . .. .. .... 12 
4. Conglomerate or .pudding-stone with hard limonite amd ' . 
clays as matrix; thickness variable............. .. . . . . . 9 
3'. Gravel and sand in alternate cross,bedded layers.......... 3 
2. Gravel and sand, very coarse ................ ... . .. : . . . ... 2 
1. Sa.nd and gravel; light colored; variably cross-bedded. .. . .. 18 
On the top of a high knob in s€ction 22, Douglas township, is 
a large deposit of clean sharp sand. A similar. bed has been 
opened on a slope about a mile . east of Villisca. The material 
from both of these has been used for mortar and plaster. 
In section 17 of Grant township the Ohicago, Burlington & 
Quincy Railroad has a pit from which the loose material from 
the Oretaceous conglomerate is being removed. This conglomer-
ate, or "pudding-stone" lies . on the east slopes of the East 
Nishnabotna almo~t continuously from Red Oak to the southern 
boundary of the county, and has an average thickness of some 
twenty-five feet. In places it is firmly cemented by limonite 
and again the pebbles and sand are loose. 
"Iowa Geological Survey. Vol. IV. p. '419. 
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In none of the deposits named do the materials , occur in any 
quantity." For work of any importance outside sources of 
gr~vel !1nd sand must be relied upon~ At present ~o~t of the 
material shipped in comes from Platte river in Nebraska. 
, The Stennett limestone and the cretaceous and Coal Measures 
shaleE? are possible sources of :r.oa:d material. The gumbo Clays 
have been burned in .the past for railway ballast, and it would 
seem that' they might be made to serve a useful purpose in road-
making. ' , 
STONE, 
Strata belonging to the Missouri stage of the Upper Carbonif-
erous underlie the whole of Montgomery county. They are cov-
ered in part by Cretaceous beds, but are exposed at a large num-
ber of places along the principal streams. Carboniferous strata 
are the country rock of all lowlands, where 'the drift or alluvial 
beds rest directly upon them. 
The principal exposures of economic importance occur along 
,East Nishnabotna river and Walnut creek in the western half 
otthe countY"and on the lower course of Tarkio river and the 
upper course of the West Nodaway in the eastern part of the 
county. The quarry industry is not at present in a very flourish- . 
ing condition, but stone suitable for common building purposes 
bas been taken out at times from a score ' or more of different 
places. Many of the quarries that 'were formerlY ,worked on a 
scale of some magnitude are now abandoned and good, unob-
scured sections are somewhat difficult to find. 
The town of ' Stennett in the southern part of Sherman town-
ship is the center of what have been the most e4tensivequarry , 
operations in the county. Lonsdale* ' records in his report on 
Montgomery county in 1894, nine working quarries in, this dis-
trict. Some dressed stone was produced and, large quantities 
we're shipped. At present stone is being taken from but ' one 
opening, the W. Sterin'ett quarry, and thii;l' is sold locally: The 
section here as given by Lonsdale is as follows: 
.Iowa Geological Survey. Vol, IV. 1894. 
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, '" " ", " ' " FEET. 
12. SoH, and loess "', ', ...... . . ,,', .. .. ,.... .... ............ 8 
, 11. ' Clay, residuary, red: to ~ brown in color, ..... ' ... ' . .. :' .. . : . ' .. ' , 1V3' 
10. Limestone, l:Weathez:ed .. _ ..... .. " . .... : .. ....... : ... ... . . . ". ' 2 
9. Shale; : ar~l1aoeous , .. : :. :, ...... ..... : ..... , ... : ...... .... .. , ,% , 
8. Limes~one, hard .. , .. .... . . ,." ... ;... .. .... .... .. ........ 171 
' 7-. Shale, clayey,' buf(to gray . . : ., ... ' .. , " ., ..... ' ...... .. .. :. 3% 
6. Limes'tG,ne"ea~tp.'y~ in , ~rt ,OChel!ous, ... ,', . . '" .... .... ,. .. 2% , 
5, Limestone, shaly , ... : .. , ., . . , .......... '. , .. : . . , , ... , , . . . ... . 3 
4. Limeston,e, impur'e, earthy"". '. , ... , . , , ....... , : , : . • . . . . 1 
3. Limestone; hard; ; subcrystalline .. , . , , .. .. " , . ' ,' , . . . . . . . . . . ;.) 
2. Limestone, oontains much dark chert. , , . .. : .... ... , , : . ... , 1h 
1. Limestone, in thin layers, ....... . ... ... ............ . , . .. 6 
Number 8 is peTsistent in all exposures in the vicinity, and 
js one of the principal ledges used. It is hard, blue in color, 
and a very good building stone. As observed in the quarry, the 
other beds appear ·less stable under weathering influences. Oc-
casional thin bands of shale s~parate the limestone ledges, in 
most exposures. An overburden of two to eight feet of soil and 
loess is usually present, and this, along with an average of five 
feet of worthless stone, must be stripp.ed. 
The principal quarries that have been worked here are located 
in sections 22, 26 and'27, of Sherman township. There are con-
siderable areas in this vicinity in which the limestone is not 
far beneath the surface, and where it would be available without 
an excessive amount of stripping. N ear the southeast corner of 
section 21, and in section 22, along a small tributary, is -exposed 
a thickness of some twenty-six feet of lime'stone 'strata, the prin-
cipal layers of wpich are lower than the Stennett' qu~rry sec-
tion given. A maximum depth of twenty feet of loess covering 
is present a little back from the present face. 
Follo,wing' is the section at the o~d McCalla , quarry; in the 
southwest quarter of the southeas,t quarter of section 23, Sher-
man township: ' 
" FEET. 
13, Soil , .......... .. ..... , . .. . ,., ... . ,., .. ,., .-, . , , , . , . .. : . ' . 1 
. 12, Limestone, decomposed, Fusulina-bearing "" ', . .. ,.,. ': . . 1% 
11. Clay, for the most part residual. ...................... : . .. 1V3 
10. Limestone, hard, light to dark gray"., ... , .. , ." ... . , .. .. .3-) , 
9. Limestone, with black flint, hard in centra] ,part; :many 
Fusulina present , throughout ' . ',' ... , , , ... , ....... ': . . . 6 
8, Limestone, ,buff to brown in color, Fusulina irregularly dis-
trIbuted ... , .... ,.".,', .. , ....... " .. .. ', ., .......... 1 
PLATE XXXIX-Typical exposure of the Missouri stage of the Coal Measures. Fate quarry. stennett. 
The stripping and interbedded .shales and clays make quarrying unprofitable. 
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FEET. ' 
7. Limestone, light, 12-inch ledges; weathered ..... : ...... ... . 173 
. 6. Unexposed, prO'bably similar to No.9...... .. ......... . .. 4 
5. Limestone, thin layers, shaly partings. . .................. 5 
4. Limestone, hard, grayish brown; concretions of dark flint 
disseIll;inated in cem tral portions....... . ............... 1 V2 
3.. Limestone, earthy ............................. ..... ..... ¥3 
2. Shaly partings .. ..... .. .. . .. : ... ............ . ........... Vt, 
1. Limestone, buff, earthy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Several ledges of usable stone are here available, and the c0'Y-
ering is not thick. 
Limestone has been quarried along Walnut creek, in the east 
half of section], Walnut township. The following section was 
formerly exposed: 
, ' FEET. 
6. Soil and residual material. ... ...... .. . .. . ....... " . . . . . . . 5 
5. Shale, ,buff to gray ......... ... . . :... ............ . ... . .... ¥3 
4. Limestone (decomposed), and shales.. . . . . . . . . . . . . . . . . . . . . 5 
3. Limestone, flint-bearing ...... ....... . .. ... . . ... . ........ 1Vt, 
2. Limestone, hard, grayish, in two ledges; very fossiliferous, 
dimension stone .. .................................... 1% 
1. Limestone, "blue layer," dimension stone................. 1!;3 
Near Climax in the southeast quarter of section 19, West 
township, some ten feet of the Missouri strata under a heavy 
overburden were formerly quarried. They "Were: 
FEEl'. 
7. Soil, loess and drift. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 
6. Limestone, hard, drab, fine-textured, not fully exposed.... 1 
5. Limestone and shale, marly...................... .. ...... 3 
4. Shale, argillaceous, gray ..... ..... .... ...... .......... .. 2 
3. Limestone, blu~sh, dull, earthy... . .... .. .. .... ..... ...... 1 
2. Shale, argillaceous, gray ..... . ......... ... ......... ...... 1 
1. Limestone, light 'blue, hard; dimension stone. .. .. . . . . .... . 1% 
Two or three small quarries have been worked along Midd.le ' 
Tarkio river and its tributaries in section 20 of Scott town'ship, 
and stone has been taken out at other points northward to Stan-
ton. The stone used came from two ledges, each about. one foot 
thick, and separated by six inches of marly shale. The upper 
layer is a 'yellowish gra-r, earthy limestone; the lower, a hard, 
grayish blue limestone, containing particles of iron pyrite which 
are often oxidized to the brown hydroxide or iron rust. Both 
strata are suited for undressed dimension stone and for founda-
tion work. 
I. H 
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A small amount of stone has been removed from an opening 
one and one-half miles east of Villisca. But one bed of value 
occurs here, and it is covered with several feet of shales. From 
this point northward, the Upper Ooal Measures can be traced 
along the West Nodaway to the north county line. 
Suitable stone for quarrying is found in the vicinity of Grant 
(Milford) in Douglas township. Here a number of quarries have 
been worked, but from only one is stone now being removed. The 
section is almost entirely limestone, and the ledges vary from a 
few inches to more than three feet in thickness. The old Fisher 
quarry, located near the south edge of section 3, and west of the 
river, is now worked intermittently by Mr. Richard Berry. The 
strata now exposed are: 
. FEET. 
6. Soil, loess, oxidized drift, sand ' and graveL............... 5 
5. Shale, plastic, gray to yellow........ .. .. ............ .... 1;.2 
4. Shaly limestone, fossiliferous, thinly laminated and of no 
value ................................................ 1 
3. Shale, soft, yellow........ . ............... . ............ . . 1-2 
2. Weathered limestone, nodular, yellow, marly textur e, flint in 
lower portion, distinctly separated from No. 1. . ....... . 1;) 
1. Limestone, filled with Fusulina which stand out on weath-
ered faces. Many small and large flint nodules often in- ". ' 
eluding the Fusulina; yellow to gray in color, numerous 
cavities lined with calcite. One solid ledge and appar-
ently of a fair grade ........ .... .. . .......... ...... . .. 314 
The rock is exposed at the mill dam at Grant, and at other 
points up the river into Oass county. It has been quarried di-
rectly across the Nodaway from the Berry opening. No stone 
has been taken out for some time, but there is an old face Borne 
600' feet in length along the hillside. The covering is not ex-
cessive. 
It is obvious from a casual inspection of the sections given 
above that considerable limestone of usable quality is present 
in Montgomery county, but it is equally obvious that the ex-
·c:essive amount of materials which must be wasted in the form 
of overburden and interbedded shales and clays make economic 
quanying for road and concrete materials unprofitable. 
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MiUSCATINE ,COUNTY. 
SAND AND GRAVEL. 
With the exception of the Mississippi river deposits the sand 
and gravel resources of Muscatine county are extremely lim-
ited. Some gravel has been obtained along the railroad in the 
east bluff of Mad creek, near the northwest corner of section 25, 
in Muscatine township. It has been used for ballast on the rail-
road. Other pitS' have been opened near this place, the most imL 
portant of which is located on the Sinnett Estate in section 24 
, of Bloomington township. Here the gravels attain a thickness 
of forty feet. The ma'terial is variable in texture and composi-
tion, ranging from sand to coarse gravel carrying some cob-
b1estones and more or less silt and clay throughout. The de-
posit is overlain by loess and wash from zero to ten feet in 
thickness. ' It is well adapted for road work, but carries too 
much dirt for use in concrete. From the outcrops it appears 
that four or five acres of these gravels are easily available on 
the west side of Mad creek. A somewhat more extensive 
deposit of gravel and sand occurs under the Kansan till in 
the bluff near the center of section 6 in Fruitland township. 
This gravel is in part sand. Some years ago it was used in 
. macadamizing the Hershey Avenue road for a distance of three 
miles west of the city of Muscatine. In the railroad excava-
tion made west of Stockton, gravel was uncovered in the west 
side of a low flat hill which lies to the south of the road and 
was used for ballast on the road bed. The deposit was not far 
from twenty feet in depth at one place. Most of the pebbles 
consist of Devonian limestone. 
, River Sands and Gravds.-Mississippi river lias deposited 
enormous quantities of sand and gravel in its channel. The 
proportion of gravel to sand is, however, small. Local supplies 
for Muscatine and other towns are obtained from the river, 
the material being pumped into barges which are towed out 
into the river. 
Practically all of that wide flat plain below Muscatine known 
as Muscatine Island, and also several squ~re miles to the west 
3t 
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and north of Muscatine Slough, which forms its western boun-
dary, is probably underlain by sand and gravel. ' In the south-
east corner of section 16, Fruitland township, these materials 
are being removed by the Northern Gravel Company 'of Daven-
port. The sand is being pumped out. ,.The water levei in the 
pond is about six or eight feet below the general level of the 
plain. This sand is clean and bright, and is being used III 
, all kinds of construction work. 
STONE. 
While stratified rocks of Devonian age are believed to form 
the country rock immediately under the glacial debris over the 
larger portion of the county, exposures are practically limited 
to Moscow, Sweetland, and Montpelier townships. Unimportan.t 
outcrops are also known to occur in the city of Muscatine. The 
lowest limestone beds exposed are prevailingly brecciated in 
character, and carry a high percentage of calcium carbonate, 
being almost pure limestones, and arenonfossiliferous. The 
upper limestone beds are rich in organic remains and oftentimes 
are magnesian to dolomitic in character. Quarrying operations 
have been carried on only on a small scale, save near Missis-
sippi river where considerable material has been used for Mis-
sissippi river improvement work by the Federal Government . . 
'A composite s~ction compiled from the outcrops in the vicinity 
of Moscow is about as follows: 
6. Drift and surface detritus of "ariable thickness. 
5. Limestone, hard, gray, in rather irregular ledges, fossil-
iferous and somewhat brecciate'd; mixed with the rock 
FEET. 
below ...... .. ... ... ........... .. ..... ........... .... . 5 
4. Limestone, softer than abo'Ve, mostly concealed, with fre-
quent c-rinoid stems above; blue and fine-grained ledges 
farther down; slightly crushed or brecciated in the lowest 
part; ,fossiliferous ........................... . ........ 29 
3. Limestone, strong, gray, in .moder,ately heavy and regular 
ledges, slightly broken or ibrecciated in a few' places, . ' 
fossiliferous '.... . ....... . . .. ... . ............ ...... . . .. 8 
2. Limestone, coarsely 'brecciated, emitting, ,a faint, bituminous 
odor under the hammer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
1. Limestone, white, ev~nly 'bedded, in thin layers. . . . . . . . . . . . 4 
Numbers 1 and 2 are exposed only along Sugar creek north.: 
east of Moscow, while the upper members appear west of the, 
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town. Quarries have been operated from time to time at sev-
eral points. 
Numerous outcrops of Devonian limestone somewhat higheT 
in the ser:ies than those about Moscow may be viewed along 
Mississippi river and its immediate, tributaries from the eastern 
border of the county to the city of Muscatine. The best de-
veloped and l,east obscured sections occur in the vicinity of 
Montpelier and along Pine creek. ' 
Along Sulphur branch, a creek ,which enters the Mississippi 
about one mile east of Montpelier, the following beds appear: 
7. Drift and soil, of variable thickness. 
6. Limestone, weathered ledges, with scattered casts of cup 
,corals .. ............. .. ..... , ..... ... , .. . ............ . 
5. Limestone; 'black, car,bonaceous, with Stromatopora . . , , ... . 
4. Limestone, bluish, Q.olomitic, thick-bedded, with fossil casts 
3. Shale, soft, fossiliferous ........... , .... . .... .. .. ' ...... , .. 
2. Limestone; in thin hard ledges, with small, kidney..ghaped or 
cakelike ,Stromatopora . . ... . .... . .... ............... . . 
1. Limestone, dolomitic, bluish,finely granular; fossiliferous, 
exposed .. ' ................................. . ......... . 
FEET. 
2Y3 
l4 
9 
1 
2 
4 
Near town number 1 in the above section is seen to rest on 
a bluish clay of unknown thickness. The upper beds have been 
quarried, number 4 having been ' quarried most extensively. 
These ledges exhibit some of the characteristics of a "free-
stone," breaking almost as readily in one direction as in an-
other. The bedding planes are even and well marked. , The 
lowermost ledge of number 4 is two feet in thickness. When 
subjected to weathering influences, the beds tend to become 
clayey. 
Near the center of section 21 in Montpelier township" large 
quantities of material have been obtained for the construction 
of wing-dams farther down ' the river. The section exposed at 
.this point and near vicinity is as follows: 
FEET. 
8. Drift and soil, variable thickness. 
7. Limestone, hard, Ibrown, weathered, apparently somewhat 
brecciated and containing fragments of Stromatopora. . . . 4 
6.~ Concealed , ........ .. ..... . ... . .... .. ........... ... ....... 5+ 
5. Limestone, weathe'red, apparently brecciated, with a large 
Stromatopora above a dark carbonaceous layer near the 
base, carrying ,casts of an Amplexus. . . . . . . . . . . . . . . . . . . . 4 
ROAD AND CONCRETE MATERIALS IN IOWA 
, FEET. 
4. Limestone, dolomitic, almost white, ~luish, finely granular 
and evenly bedded; in heavy ledges, the lOWermost nearly 
four feet thick, rapidly turning darker blue and yellowish 
on exposure; oblique, curving ,fracture in some places" 
fossiliferous ........... ..... ....... ............. .. .. . '. 8 
3. Limestone, hard, in thin lay,ers and rough, but straIght 
layers above; fossiliferous .................. . .... . .... 2lh 
2. Concealed.............. . ...... .. .......... .. ...... . .. . .. 3 
1. Limestone, do-lomitic, 'blu'ish or gray, with Cystoliictya.... 2 , 
Number 1 disappears under the creek and also under the 
water in the river. 
Sections along the lower course of Pine creek are practically 
the same as the one just given. Higher up the stream beds 
lower ,in the series appear. Possibly the most extensive succes-
sion may be studied in an old quarry in the south bank of a 
small tributary of Pine creek in the northeast quarter of the 
southeast quarter of section 4 in Montpelier township. 
CARPENTER QUARRY SECTION. 
8. Dri~t and soil, ()f variable thickness: 
7. Limestone, much decayed and appears to ,be a yellow clayey 
mate,rial; fossiliferous . . . .. .............. . .... .. ..... . 
6. Limestone, hard, solid ledges, a foot in thickness, in places 
highly fossiliferous . ' . ... ............................. . 
5. Limestone, fine-grained ledge, cut by a network of vertical 
plates made up of material like that in the ledge above .. 
4. Marl, earthy .... ..... ..................... . ... . ... ... .. . 
3. Limestone, fine-grained, gray, thin-bedded above, thicker 
bedded and dolomitic Ibelow, Gomphoceras and a reniform 
Stromatopora in upper part, Cystodictya below .. . .. . ... . 
2. Concealed . .. ........ . .. .. .............. . . . ' .... , . .... . .. . . 
1. Limestone, gray, in somewhat irregular ledges, fossiliferous, 
exposed .. . ... .. ..... , .. . ... . . ... . .. . ... . ... ..... .... . . 
FEET. 
7 
3 
%, 
Yc, 
2 
5 
3 
, Numbers 3 to 6 are the beds developed in the above quarry 
itnd in the immediate vicinity. 
From the mouth of Pine creek, crops of Devonian limestone 
,continue ,to the city of Muscatine, but none are of sufficient im-
portance commercially to merit individual mention. 
The :upper Devonian beds exposed in the county constitute 
the Sweetland Creek beds of U dden. They are prevailingly ar~ 
gillaceous in character, although they contai.n certain hard mag~ 
nesian to dolomitic layers below. The well indurated beds are 
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'neither sufficient in quantity nor sufficiently accessible to be 
worthy of consideration. Certain of the shale members are 
highly bituminous while others contain a considerable percent-
age of lime phosphate. 
The Des Moines stage of the Coal Measures occurs in a nar-
row outlier along Mississippi- river about five miles in width 
and extending from Scott county to a point about three miles 
west of the , city of Muscatine. The beds which represent the 
Des Moines are largely mechanically deposited sediments, rang-
ing.from coarse conglomerates to fine shales and fire clays; with 
unimportant seams of argillaceous limestone and coal. ' The 
sandstones constitute the most important beds and occur in 
rather thick lenses. They are variable in texture, coloration 
and state of induration. On account of their inconstancy they 
are not as highly prized for structural purposes as might other-
wise be the case. They have been used quite extensively in the 
past for foundations, retaining walls, and other structural pur-
poses. At the present tim~, but little sandstone is being 
quarried in the county. The principal quarries are located on 
the West branch of Pine creek in Montpelier township, on 
section 21 in the river bluff in Sweetland township, and on 
Lowes river in section 32, Bloomington township. The quarry 
stone attains a thickness of sixty feet in the first quarry, is in 
heavy beds up to four feet in thickness, is rather fine-grained, 
and is characterized by peculiar, wavy, ferruginous bands, 
probably due to infiltration of iron. 
In the second quarry, the beds are a little coarser in textur'e, 
but otherwise similar to those in the first, while those qu'arried 
on Lowes river are less ferruginous and as a consequence" 
' lighter in color, with occasional darker layers. 
O'BRIEN COUNTY. 
SAND AND GRAVEL. 
The gravels of 0 'Brien county are very similar to those of 
Lyon and Sioux counties, 'being in the main, terraces along 
the streams and morainic deposits of the Wisconsin drift. ' 
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·Stream Terraces.-There are .gravel deposits .of more or less 
importane,e along practically all o.f the streams of the coU!l.ty. 
Along Floyd river north of Sheldon are several openings which 
are now being worked. Near the pumping . plant in the nort~ 
edge of towp. are several pits which afford good material for 
almost any purpose. One of these, near the center of section 
30, Floyd township, shows clean cross-bedd~d and interbeddeQ. 
sand and gravel under some four feet of alluvium. About 
twelve ' feet of these materials are exposed. 
T. H. Macbride and I. A . . Williams , who have done prev~ous 
wo:t,k in this vicinity, differ somewhat on the mode of accumu-
lation. This has been gone into more fully ih the report on 
Sioux county. SUffice it to say. here that Macbride has listed 
all these .deposits as morainic, of Wisconsin age, while Williams 
recognizes in addition a stream terrace which he is prone to 
call a Wisconsin gravel train. The openings which have been 
observed might lead to' the conclusion that Williams is right 
in recognizing a gravel train, since several of them are located 
at a uniform height of twelve or I fifteen feet above the water 
. line, and the terrace has quite distinct features in various 
places. . 
The opening in section 30, mentioned above, and one in the 
JoI.orthwest corner of section 21 of the same township would 
seem to be of- morainic origin. Openings which are located in 
southwest 21, northeast 16, and northwest 12, Floyd township, 
and in northeast 7 and northwest 9 of Franklin township ap-
pear to be in the gravel train. 
Along the . Little Floyd southeast of Sheldon, somewhat sim-
ilar gravels are exposed. A deposit reported by the owner 
as being twenty feet deep occurs · in northwest 31, Franklin. 
township. Near the plac.e where the gravel is exposed fifty 
or sixty acres may prove productive. ' Various other gravel 
exposures may be seen along the Little Floyd. These have 
been observed in northwest 1, southwest 3, northwest 8, and 
middle 6 of Garroll township. In all of these places the ma-
terial is :fine gravel and sand, and is quite clean and free from 
iron stain. 
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Along Mill creek there is a low t'er-race ten or twelve feet 
above water all the' .wayfrom southeast Summit township to 
the county . line. The width of this 'bench varies from a hun-
dred to as much as a thousand feet · and in one or- two ·places 
no~ed the width ran up to a' mile or · more. As far south as . 
Pa ullina the openings in the terrace are very superficial, and 
no g09d section is visible .without digging. In south 22, ' Dale 
township; is a good. exposure in a bend of Dry river. The top 
of the terrace here is a bout twelve ' feet above water., and doubt-
less corresponds to that along. Mill creek. In section 22, Dry 
run has gouged into its bank and uncovered about four · feet 
of fine to medium gravel with streaks of sand interbanded. 
Several minor exposures a foot or so in depth along Mill c:r:.eek 
show material very similar to this, and it is probable that the 
section described above is typical for the whole terrace. 
. . 
In section 3, Union township, along the road east of Paullina, 
is an open pit from which the town obtains its. supply. The top 
three feet shows excellent fine gravel, clean and sharp, in which 
banding is evident, but not ,prominent. Below this are about 
eight feet of clean sharp sand, in which stratification and cross-
bedding are conspicuous. Along the creek there are several 
places where virtually the same section may be seen. Two prom-
inent ones are two or three hundred feet no.rth of the pit men-
tioned, and a short distance southeast of the .bridge on the line 
between sections 3 and 10. In· the road on the east line of sec-
tion 33, Dale township, and just south of the road on the east 
side of the stream in northwest section 3 of Union township, 
'very siplilar gravel can be seen. 
The largest piece of terrace along the creek is located on the 
east side of the stream near the middle of section 28, Union 
township. At this place the bench is about a quarter of a mile 
wide. The creek has cut into it and exposed the following 
·section: 
, FEET. 
Loess and soil .... : ... .. ...... .. ' . .... ....................... 10'·12 
Gravel and! fine sand, mixed.,.. ... ....................... .. . 10 
Coarse sand and some :tine graveL..................... . .... 7 . 
Sflond, fine and clean .. . ........ " .... . .. . ............. . . : . . .. 10 
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There are fifty acres or more in this terrace through section 
28, which it seems will run fifteen to twenty feet deep in gravel. 
~he depth of cover varies largely, the upper limit being up to 
fifteen feet. This terrace could readily be opened on a large 
scale. A spur track from Paullina would afford a ready means 
of access and would not be a difficult engineering feat to accom-
plish. 
Through sections 33 and 34 of Union township there are rem-
nants of the terrace all along the river, but they are small and 
riot continuous. It is highly probable that there is gravel and 
sand in all of these. 
A description has . been given previously of an opening of 
gravel along Dry run in section 22 of Dale township. On the 
south side of the stream here there is another higher terrace 
rising ten or twelve feet above the one in which the former 
mentioned exposure occurs. This upper terrace has been opened 
and sand and gravel from. it are being used in the neighborhood. 
There are exposed here some eight feet of coarse and fine gravel 
jntermixed, the whole being much iron-stained. The cover at 
the open face is one to two feet of pebbly soil, but this apparently 
deepens back into the hill. These gravels are not at all the same 
as the ones in the bend of the creek farther west as described 
heretofore. They are much older, much coarser, and only 
roughly stratified. A distinct band about six feet from the top 
separates the materials into two zones; the lower one coarse and 
apparently laid down by water having a high velocity, and the 
upper noticeably finer, as though the velocity had been greatly 
reduced. This upper terrace can be distinctly made out as far 
as · the northeast corner of section 23, above which point it be-
comes indistinct and blends with the upland. 
At the fe places where the lower light colored gravel and 
sand was found in sections 28, 27, 23 and 13 of Dale township, 
and at two or three other points along Dry run, they had been 
. gouged into by the stream in its present f!ood plain and were cov-
ered by alluvium up to eight or ten feet in depth. The older 
iron-stained gravels, as noted principally on the south side of 
the creek in sections 27 and 26, occur in a conspicuous terrace 
above these lighter materials. This upper terrace is very promi-
O'BRIEN COUNTY ~93 
,nent on the s,outh side of the creek throughout sections 27, 26 and 
24, but is almost indistinguishable on the north side. After 
,passing into section 13 that portion of it on the south side loses 
its id~ntity, as it also does as it passes into section 28. In the 
southwest part of the latter section the lower, lighter. colored 
gravels form the terrace, and continue to be the bench mate-
rials on down south and east of Paullina. 
A few small exposures of gravel and sand may be seen along 
Mud creek in the northwest portion of Union township, but these 
are small and not at all important. . , 
Along Nelson and Willow creeks are low terraces which have 
been opened in a few places. The one along Willow creek is 
perhaps the most prominent and is quite continuous up the creek 
to section 20 of Liberty township, in which it loses its identity 
as a terrace. Above this point the creek flows through a valley 
with gently sloping sides. 
Along Waterman creek the terraces which have been noted 
along the other streams are absent. The topography of the 
stream is erosional. Gravels are exposed and used at many 
points, especially from hilltops bounding the valleys. Likewise 
toward the head waters of many of its branches extensive beds 
of sand and gravel overlying the drift and with loess covering 
are common. Of this stream, Prof. 1. A. Williams says, "Along 
the Waterman a drift terrace appears· some twenty feet above 
the stream. It is usually capped with coarse gravel which is 
seldom thick enough to be important. The drift itself is often 
very gravelly and makes good roads. Gravels are, however, 
d1:stributed often in heavy . beds in the flood plains of these 
streams. All of these streams are vigorous, and local beds may 
be found in the channels and exposures in convex sides 6f curves 
in the stream channel. These beds are often beneath heavy al-
luvium, but nevertheless are ample and of great value locally." 
The hilltop gravels mentioned by Williams may be seen in 
northwest 3) Waterman township, in the road between sections 
27 and 34, Grant, and at many other points northward to the 
pits northwest of Hartley that supply that town. 
As Sutherland is approached from the east, gravelly knobs 
and benches appear along Murray creek in sections 16 and 17r 
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WaterIDan township. In southwest'S and 'in section '7, east and 
'northeast of town, a ' bed of clean, fine gravel, fit for cement 
work, underlies considerable areas along the small streams. 
Pits are open along th~ road in the east half o{ section 7 and in 
'the edge of town. ' , 
Drift Gravels.-The town of Oalumet obtains its supply of 
sand and gravel from a huge knoll at the northwest corner of 
section 22, Liberty township. The top of this knoll rises fifty 
feet or ' more above the surrounding country, and seems to be 
practically all gravel. Where it has been opened on the nortli 
side there is a foot or so of very dirty gravel, or very grayelly 
dirt underlain by gravel and sand. ' The latter is coarse above 
and grades into finer below. The thickness varies from five to 
eight feet . Below this is a layer of fine, clayey, iron-stained 
sand varying in thickness from one up to five' or six feet, resting 
upon four feet of very coarse gravel. This latter is much iron-
stained and so firmly cemented as to be almost a conglomerate. 
Underlying this coarse gravel is a fine gravel which is very 
markedly cross-bedded, the beds lying at an angle of about 30°. 
There are perhaps ten feet of this below the coarse gr~vel. The 
"lower fine gravel has the appearance of being markedly older 
than the materials lying upon it. Above the upper line of the 
former there are thin streaks of sand here and there which are 
absent below. The lower portion is more deeply iron-stained 
than that above. This knoll is in a ridge, which runs in a general 
northwesterly ' direction and has all the characteristics of a 
moraine. To the. west the surface is quite flat and rolling for a 
,{;onsiderable distance; to the east the country continues hilly 
for a few miles. 
Reworked Materials.-Sand and gravel bars of grea.ter or less 
extent are present in practically all the streams of 0 'Brien 
county. These bars are, however, of little importance ·from a 
commercial standpoint. They are utilized in several places as a 
source of local supply where the terrace materials are not read-
ily ' a.vailable. 
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OSCEOLA COUNTY. 
SAND AND GRAVEL • 
. The deposits of sand and gravel in Osceola county are from 
a geological standpoint practically all of one kind, viz., outwash 
gravels from the Wisconsin glacier. These deposits occur along 
the present streams, in the channels of ancient streams which 
are now recognizable as such only to the trained ·geologist, and 
as upJanddeposits laid down by the ice. " 
Prof. T. H. Macbride, in his report* on this region in 1900, 
has the following to saJ: in regard to the origin of these gravels: 
The terrace or gravel deposits * * * are all laid down 
with uniformity more or less pronounced, are all stratified, their 
"materials assorted, arranged and" re-arranged as by aqueous 
agency. The materials besides are all water-worn and their pe-
culiar distribution, as we shall presently see, can lead to no con-
clusion other than that these deposits were laid down as the 
debris of former streams whose channels even yet may here and 
there be noiiced~ and measured by the islands and sand bars 
they have left behind. Thes.e streams were glacial streams; they 
were coincident with the final retreat of what we have been call-
ing the Wisconsin sheet when it had, in this region at least, been 
for many years reduced to· no more than a series of gigantic 
glaciers lying in the constr.uctional valleys of which mention 
has been made. As everyone knows who has watched the be-
havior of even the smallest streamlet, the finer materials are 
always swept away, deposited far doW'n the stream, while sands 
and gravels are piled up in regular order wherever the valley" 
widens or the current becomes in any locality for any reason less 
efficient. The streams that accumulated Milford sands (a de-
posit in Dickinson county analogous to those " in Osceola) seem 
to me to have been possibly, in part at least, superglacial 
streams; they passed along on top of the ice. No streams in 
volume adequate to the effect could have pass'ed down the valley 
of the "outlet" without showing more characteristic signs of 
erosion than now appear. But the deposits in question begin 
near the mouth of the outlet "as if at the time of their deposition 
a gla cier lay in all the valley occupied by the present lakes, ex-
tending even far down the .outlet. Over this icy mass swept 
" down the ;:;tream or streams that brought in part at least the de-
bris that fills the Milford valley. It may be remembered in this 
connection that" glacial ice, especially morainic or marginal ice, 
is seldom pure; it is often covered with morainic materials filled 
" Iowa Geo"logical Survey. VoL X. p" 221. 
496 ROAD AND CONCRETE MATERIALS IN IOWA 
with sand bowlders and the gathered accumulations derived 
from the surface of its transit. It is difficult on any other theory 
to account for the distribution of the deposits which seem.in 
other places to represent the formation now considered-for 
they are scattered over our entire area, often, generally, far' 
above the course of ~ny present drainage system, entirely out 
of reach of any recent waters. Yet they are all water-laid, strati-
fied, cross-bedded even, in unmistakable fashion. In Osceola we 
have the great Ocheyedan mound, not to speak of others, the 
upper part of which, 15.0 to 170 feet above the present stream, 
is made up of stratified sands and graveL More remarkable 
still is the great pile of such debris which forms the famous 
Sibley gravel pit. . Here is a deposit twenty or thirty feet in 
thickness far away from any present water channel, but plainly 
of water-laid materials, resting unmistakably upon the uneven 
surface of the Wisconsin drift, * * * the only explanation 
of the gravel pit is to be found in the carrying power of some 
broad drainage current flowing across the Allendorf moraine 
to find its outlet in the broader valley of Otter creek as it widens 
a mile or two southeast of Sibley. 
Of the outwash gravels mentioned by Macbride, several ex-
posures may be seen in the vicinity of Sibley. Just at the east- . 
ern edge of that town are two open pits, one being worked by 
the city and the other by the railroad. In the city pit about fif-
teen feet of gravel are exposed under two feet of cover. The 
top is coarse, very much iron-stained gravel, varying in depth 
from three to six feet. Below this is interbanded gravel and 
sand. The gravel is mostly fine, with here and there a streak of 
pebbles up to four or five inches in diameter. Stratification is 
quite distinct, but there is no cross~bedding. Up to ten feet of 
this latter are exposed. This material is on the whole clean and 
sharp, but there is a slight iron-stain noticeable throughout. The 
bottom four feet exposed is coarse, iron-stained gravel, having 
pebbles up to three and four inches in diameter. Perhaps fif-
teen acres of the city's property will still yield the full depth of 
gravel as exposed, and to the west several acres more, which are 
plotted as city lots, would doubtless yield the same materiaL 
In the railroad pit", south of that owned by the city, the same 
section is exposed, the cover here being perhaps a Uttle deeper. 
In the "forty" in which this is located, perhaps fifteen acres 
32 
PLATE XLII-City gravel pit showing elevator and loading chute. Sibley. Osceola county. 
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PLATE XLIII-Chicago, Rock Island and Pacific Railway pit showing loading trap. Sibley, Osceola county. 
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more are available. On the west and south of these property 
lines a total of twenty-five or thirty acres are probably under-
lain by the same gravels, some eight or ten acres of which are 
now plotted in town lots. 
The Rock Island Railway has a pit near the northeast corner 
of section 30, East Holman township. About twenty feet are 
open to view here under five or six feet of cover. This is practi-
cally the same material as shown in the city pit at Sibley. South 
and west of this opening is a flat area some sixty acres or more 
in extent, all of which is probably underlain by gravel. 
Other minor exposures are reported in various places over the 
territory between Sibley, Allendorf and Gopher. These seem to 
bear out the truth of the theory of Macbride stated previously. 
It is highly probable that gravel under varying amounts of cover 
might be found over an area of fifty or sixty square miles east 
and southeast of Sibley. Sufficient material for road surfacing 
and concrete work in this area are apt to be found within a short 
distance of where it is needed if a little careful prospecting is 
done. . 
Along Otter creek in the southwest portion of the county many 
evidences of the gravel bench formed· by the flood waters from 
the melting glacier may be seen. Between Ashton and Ritter 
the ' terrace is especially prominent, and several openings show 
the quality of the materials. In southeast 21 of Gilman town-
ship is a small open pit. This shows a face . of seven or eight 
feet consisting of fairly coarse gravel at the top and grading into 
finer materials below. There is practically no stripping, and 
the whole is slightly iron-stained. This material has nearly all 
the characteristics of the sections exposed at Sibley. Through 
sections 21, 28 and 29 of Gilman township the portions of the 
terrace which give promise of yielding gravel will aggregate in 
the neighborhood of 150 acres. There are some promising op-
portunities for commercial development here, as this section is 
easily accessible by railroad. This same bench seems to con-
tinue on down the . creek and into O'Brien and Sioux counties. 
Several small 9penings in shallow road cuts and in the, stream 
show the presence of gravel ali the way. Detailed prospecting 
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would probably demonstrate 'the accessibility of enormous quan-
tities. 
. There is no doubt,that Ocheyedan river was an outlet for large 
quantities of water flowing away from the Wisconsin glacier. It 
flows through a broad flat plain which in places exceeds a mile 
in width, and is bordered on both sides by morrunal hills. At 
' many places there are slight elevations above the general level" 
evidently islands and sand bars in the old channel. ,In many 
places where the roads cross these old bars, notably on the lines 
between sections 14 and 15, and 14 and 23, Ocheyedan township, 
the 'slight veneer of alluvium has been dissected and a gravel 
surface is exposed. On many of these bars the cover is very 
slight, and gravel and sand in amounts sufficient for use on roads 
'and in concrete work within a few miles can be obtained with 
,but little trouble and expense. 
In the channel proper of the old stream the gravels are more 
deeply buried. This covering is largely alluvium, probably de-
posited for the most part by the old stream when its original 
flood had subsided and the velocity of its waters had become 
greatly reduced. It was ascertained, largely through inquiry, 
that practically every well in the whole river bo.ttom through-
out the county south of Ocheyedan is in gravel. Ditches and ex-
cavations of all sorts strike the gravel hqrizon at depths vary-
, ing from two or three up to eight or ten feet. Six to seven feet 
seems to be a good average depth for the river plain proper. 
Natural openings of these gravels are rare, but in a few in-
stances they may be seen in bends in , the stream. Where the 
present river channel has been straightened in sections 26 and 
35, Ocheyedan township, the material removed' from the channel 
shows unmistakable evidence of the presence of gravel. 
Little Ocheyedan river is skirted by a low terrace which fur-
ni~hes a good supply of road material after the removal of two 
feet or so of alluvium. This may be seen on the west and south 
sides of section 33, Ocheyedan township, and at occasional other 
points up and down the stream. ' The most important source of 
gravel along this stream is a bed exposed in its lower course 
'twenty to twenty-five feet above the water. Gravels 'occur on 
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the tops of low flat hills bordering the' valley and often, as in 
north section 10, south section 13 and also in sections 23 and 24, 
Baker township, as a marked flat terrace. The gravels rest on 
yellow bowlder clay and vary in the outcrops seen from a very 
gravelly till to well-sorted material. The gravels are prevail-
ingly dirty, but make good road materials when the larger bowl-
ders are excluded or crushed. Pits are opened in southeast sec-
tion 15, Baker township. The gr:avels continue to the Ocheyedan 
valley, where 'they ' are conspicuous in sections 20, 28 and 29 of 
Harrison township. 
Kame Gravels.-In the vicinity of Ocheyedan are several 
mounds or knobs which stand out prominently above the general 
level of the country. By far the largest and highest of these is 
Ocheyedan Mound, located at the southwest corner of section 12, 
O'cheyedan township. This mound rises some 150 feet or more 
above the river to the west, and is a conspicuous landmark for 
miles around. There aI;e two openings for gravel on this mound, 
one at the 'crest and the other on the north side some fifty feet 
lower. These openings show well-sorted material, varying all 
the way from six-inch cobbles to fine sand. These gravels are 
so variable in a short space that predictions as to depth can not 
be made with any degree of confidence. , 
The town of Ocheyedan obtains its supply of gravel and sand 
from pits in similar, but much smaller mounds in sections 3; 4 
and 5 west of town. On one of these, beside the road between 
sections 4 .and 5, is an open pit from which a considerable amount 
of material has been removed. There are some fifteen feet of 
dirty, iron-stained unassorted gravels here. 
Northeast of town near Rush lake are similar hillocks. One 
of these at the southwest 'corner of the lake shows interbedded 
'sand and gr~vel under two feet or so of soil. The bedding is 
parallel to the surface of the mound. 
r 
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PAGE COUNTY. 
SAND AND -G&AVEL. 
Only stream gravel and sand are available in Page county, 
and the materials found here are suitable for only low grade 
work. The largest pits are located on the south bank of the 
East Nishnabotna in sections. 7 and 8, Grant township. Similar 
materials are also obtained from a small stream in section 12, 
Harlan township. Platte river sand and gravel are generally 
used for all work of any importance. 
Burnt clay is mentioned as a possible road material, and this 
county could furnish .ari abundance of gUInbo clay suitable for 
the purpose. . 
STONE. 
The strata belonging to the Missouri stage in Page county ' 
are composed very largely of argillaceous beds, varying from 
typical shale to marly clays, and clayey limestones. Relatively 
thin beds of limestone are found in most exposures, alternating 
with much thicker beds of shale to suoh an extent as to make 
economical quarrying of th~ limestone impossible. 
FIG. 52-Exposure of the Forbes limeston e n ear Hawleyville, Page county. 
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Two distinct horizons of Missouri limestone strata are ex-
posed in the county, one along the East and West N odaways, 
and the other principally along Middle Tarkio river., ' Strati-
graphically the latter come above the beds exposed on the N oda-
way rivers, and are considered by Oalvin to be the equivalents 
of the limestones quarried at Stennett in Montgomery and near 
Macedonia in Pottawattamie counties. 
Limestone has been quarried at Ooin in the southern part of 
Lincoln township, and the same strata have been worked at in-
tervals along the Middle Tarkio to the north line of the county. 
In most places the outcropping ledges are displaced and weath-
ered, and a section of any considerable thickness is seldom seen. 
A ,new ,quarry opening on the farm of Mr. Burns near the 
southeast corner of the southwest quarter of section 22, Tarkio 
township, affords the following section: 
5. Drift 
FEET. 
10 
4. Fusulina limestone .. . ... ,. .. .. ..... ... ...... ............ 1 
3, Yellow shaIe ...... .... ... ..... .. : .............. ... ... . .. 4 
2. 'Limestone, soft, yellow.................................. 7) 
1. Blue, fine-grained, hard limestone, breaking at right angles 
to bedding planes into excellent blocks for building pur-
poses. F.ossili·ferous, and contains occasional sphalerite 
gra.ins . . . .. . .. .. . ....... .. ... ,....................... 1Y3 
Professor Oalvin* gives a composite section from a number 
of openings in this same region and in section 27, which includes 
the following members, coming below those just given: 
FEET. 
4. Shale . ............................... ... .. " ....... ..... 12 
3. Limestone, soft, but of fair quality.. . . ........ . .......... 1112 
2. , Shale ................................................... 3lh 
1. Limestone ... . .... .. ................................... . 2 
Number 1 is an excellent stone for a variety of purposes and 
is the ledge chiefly sought in all of the quarries. It is durable 
and the most important building stone in the county. 
The next good exposure is to be seen in section 18, Douglas 
' township, on a small tributary to the Tarkio: 
"Geology of Page county, Iowa Geological Survey, Vol. XI, p. 430. 
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FEET. 
5. Drift, maximum of .......... ' ,' .......... . .......... , , . . .. 20 
4. Fusulina limestone capa.bove quarry ledge. . . . . . . . . . . . . . . . ~ 
3.' "Blue ledge" limestone, No. 1 'of Burns' quarry section .. , .. .. 1+ 
2. Calcareous and fossiliferous bluish shale' . ...... ... , . . . . . . . 7 
1. Yellow, marly clay, apparently weathered limestone. . . . . . . . 1lA, 
As stated, the" blue ledge" is the one sought at all of the nu-
merous small quarries along the Tarkio, the associated strata 
being almost universally of too incoherent a nature to be of 
, \ 
v'alue for building purposes. This ledge ' lies about eight feet 
'above the water in the Douglas township exposures while in 
Tarkio and Lincoln townships it' appears twenty to thirty feet 
, above the stream. Although it crops out in both sides of the val-
, ley at intervals for miles, the heavy drift covering and its asso-
ciation with worthless argillaceous beds that require remQval, 
render very limited in extent the quarrying possible at anyone 
P9int. From the natural outcrop it is seldom possible, wit~ the 
present hand metho'ds of quarrying, to work back over twenty 
feet before the overburden becomes too heavy. Locally, how-
ever, this stone has been and will continue to be a very valuable 
.resource to the county. 
On a small branch of the East Nodaway, three-quarters of a 
mile above' Hawleyville in Nebraska towp.ship, there is an expo-
sure of some magnitude, composed of strata which lie, geolog-
ically, below the Tarkio beds. The section comprises alternating 
bands of calcareous and argillaceous material. The individual 
members are seldom more than a foot in thickness, and it is not 
probable that any of them will ever possess more than a very 
limited local value for building purposes. Similar beds are ex-
posed below the mill at Braddyville in section 31, Buchanan 
toWnship. At both localities the Missouri beds are overlain by 
heavy deposits of loess and drift. 
PALO ALTO COUNTY. 
SAND AND GRAVEL. 
The sand and gravel deposits of Palo Alto county seem to be-
long to t~o horizons, geologically speaking, viz., the outwash 
materials from' the Wisconsin glacier, a'nd those derived from 
the Kansan drift, known in Iowa as Buchanan. 
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The discussion by ' Mr. T. H; Macbride in Volume XV of the 
reports of the Iowa Geological Survey, sheds a considerable 
a:r,nount of light on these deposits, and is worthy of at least par-
tial quotation here. 'rhe part of his report which de.als with 
the origin of these sands and gravels is quoted almost ver-
batim. . 
W isconsin Gra·vels.-Stream Terraces.-The deposits so 
name~ are the immediate effect of the outpouring of the waters 
accompanying the melting and retreat of the Wisconsin ice. As 
the face of the ice cliff moved northward the floods of water 
seem to have covered the country and the gravel and sand with 
which the streams were charged were deposited everywhere; 
especially, of course, in the forming valleys and channels of 
drainage. Sometimes these ohannels were no doubt on or in 
the ice itself so that gravel deposits may, and often do, now ap-
pear far out of the way of any present drainage system of any 
sort whatev:er; in isolated mounds, on the flanks of hills, in low 
ridges athwart what were otherwise a level plain. The valley-
plain of West Des Moines river is a gravel plain, all gravel of 
varying depth and width, from the Minnesota line or near it 
south to Humboldt county. The present stream is aE! nothing 
when compared to that earlier river. Des Moines river in the 
year of 1903 is described as high beyond the previous experience 
of observers, and yet it by no means covers this gravel plain~ 
The present stream has its own flood plain which in times of 
freshet it may cover or erode, but this old-time valley owns no 
relationship to the present river. One might suppose that the 
action of the earlier, larger current continued not very long, 
but we must reflect that the erosion force in this, its upper chan-
nel, was limited by the work that must be done farther south 
and east, where the indurated Paleozoic formations were en-
countered and set bars to the agents of erosion as at this day. 
The ;result is that the gravels of that older river lie in these 
upper stretches largely undisturbed, slow-mouldering with the 
lapse of centuries. . 
. When we come to ·investigate the composition of the gravel 
trains we discover, first of all, the evidence of the mode of their 
deposition. No better sections need be Wished of the entire de-
. posit than those encountered 'at Estherville, in Emmet county. 
Here one may easily see the sorting and cross-bedding resultant 
from the water-currents that once swept the stony debris on 
and down. But the materials themselves are . of every i~agin~ 
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a ble source, i. e., one may :find samples of rock of almost every 
description and of all sizes from merest pebbles to stones weigh-
ing hundreds of pounds. Some of these pebbles are of great age 
as suoh and have long been buried, subject to the slow action of 
waters, filtering, bearing all sorts of solvents in solution. Such 
pebbles no longer hold together as rock at all, but crumble no 
sooner exposed to light and dryness, and may be picked from 
the bank and crushed in the fingers. Through large gray bowl-
ders the steam shovel passes as through sand. Such sections 
may be commonly observed. These were doubtless, some of 
them already long constituent parts of the older Buchanan 
gravels which the Wisconsin ice in these lati,tudes so generally 
swept away. Possibly the larger part of these vast recent de-
posits consists of but a resorting of those older piles and trains 
laid down by the waters of the Kansan so long ago. 
Buchanan Gravels.-Perhaps some of the earlier gravel, even 
in these river valleys still lies in place here on the blue clay that 
stretches everywhere beneath all surface deposits in these re-
gions. Thus if anyone will closely scan the exposed wall of the 
gravel in the excavations south of Estherville, he will easily 
discover that the lower portions of the exposure are different, 
strikingly different, from the ' upper overlying part. Above, 
the gravel is more loose, fresher and evidently more recent, 
judging from appearance; below, the material is imperfectly 
stratified, often stained with iron, deep brown sometimes, the 
pebbles and bowlders more or less ceme'nted together and asso-
ciated with concretionary nodules of impure hematite (Fe20 3 ). 
The line of demarcation is not well defined, but is sometimes 
quite evident. One is inevitably led to conclude that the lower 
gravels are here older than the upper. ' 
However we may name these lower gravel strata, the wide 
distribution of the Wisconsin subwash and overwash is indis-
putable. ,Not only by the river, but far away from streams 
now flowing or even the possibility of streams, piles of water-
laid sand and gravel surprise the traveler. In many cases 
these gra-:el deposits rest unmistakably on the country drift, 
!;l0 that there can be no question as to their relative age. In-
deed it seems as if it (Buchanan) may be looked for almost 
anywhere as a bottom deposit of what has been here denomi-
nated the gravel plain. 
Observations 'which seem to verify ,the statements of Mac-
bride regarding the origin of the' sands and gravels may be 
made almost anywhere along West 'Des Moines river in Palo 
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Alto county. North of Emmetsburg the river plain is be-
tween one and two miles in width all the way to the Emmet 
county line and beyond. The whole valley between the sharp 
hills , which border it on' both sides and rise some thirty feet 
above the plain, is filled with sands and gravels deposited by 
the rushing waters from the melting ice. Some two miles north 
of Graettinger, just over the line 'in Emmet county, the Rock 
Island Railway is removing large quanties of the material for 
ballast. About twenty feet of gravel are exposed here, the 
top being fairly coarse and grading into finer below. The open . 
face exhibits iron stain throughout its· entire depth. A large 
proportion of the pebbles are limestone, with granites next in 
importance. Many of the latter pebbles are badly weathered 
~nd crumble readily in the fingers. (See also figure 28, page 
252.) 
Several minor openings between Graettinger and Emmets-
burg exhibit the same characteristics. A small pit along the 
Chicago, Milwaukee and St. Paul railway on the east side 
of the river in section 26 of Emmetsburg township, reveals 
coarse, iron-stained, water-laid gravels very similar in appear-
ance to the top layers at the Graettinger pit. In the southwest 
edge of the city of Emmetsburg, almost at the edge of the 
gravel plain, the Shadbolt Lumber Company has a pit from 
which gravel and sand for cement products is being taken. 
This pit is about fifteen feet deep, but the bottom 'ten feet are 
under water and the sands are pumped out. The product of 
this' pit is much finer than that of any of the openings previously 
noted, which observation is in keeping with what would be ex-
pected when we reflect that the current here at , the edge of the 
stream was in all probability much slower than that farther out 
In the channel. 
South of Emmetsburg the general relations of the stream, 
gravel plain, and bounding hills, remain unchanged except that 
through West Bend township the width of the stream "bot-
tonis" is not more than half as wide as throughout the re-
mainder of the county. . South of the Des Moines river bridge 
on the road between sections 1, Great Oak, and 6, Nevada town-
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ships, gravel very similar in character to the top layers at 
Graettinger may be seen under two feet of alluvium. 
In many places where the river has gouged its bank the 
sands and gravels which underlie its whole plain may· be seen. 
As might readily be expected, the cover of alluvium over the . 
gravel is deepest near the stream,thinning out b~ck toward the 
hills. Wells and other excavations all over the river plain show 
the presence of gravel and sand, although there are but few 
open pits. 
. AI' previously noted, deposits of sand and gravel derived 
from the Wisconsin ice may be seen in places entirely removed 
from any of the present. lines of drainage. At Ruthven there is 
an abundance of this material in the lowland west of the city, 
nor less on the top of the hill in the city itself near the Min-
neapolis and St. Louis station. East of Cylinder, in Fairfield 
township, is also a broad gravel plain some three or four miles 
in length and of the outwash type. 
Reworked Materials.-Sand and gravel bars occur in the 
streams of Palo Alto county the same as in other counties where 
r::tream terraces and other deposits are prominent. West Fork 
of Des. Moines river, by far the most important stream of the 
county, has a sluggish current, and sand bars are by no means 
a prominent feature along it. The same is true of the other 
streams. Cylinder and Prairie creeks are typical prairie 
streams, such as are common on the Wisconsin drift . plain. 
Willow creek serves as an outlet to Silver lake, and is not 
important from a sand and gravel standpoint. 
Miscellaneous Dep1o.sits.-Palo Alto .county lies wholly within . 
the area covered by the Des Moines lobe of the Wisconsin 
glacier, and its whole topography is characteristic of this for-
mation. Sand and gravel may be found in many of the mounds 
and hillocks over its surface, especially in the western portion 
where the Altamont moraine lies within the borders of the 
county. Perhaps at no one place are these deposits of particu-
lar importance, yet they serve a useful purpose in supplying 
gravel and sand for local use on the roads and for concrete con-
struction. Careful prospecting will in . all prob~bility reveal 
'to the engineer or road and bridge contractor quantities suffi-
cient 'for use within easy hauling distance. 
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PLYMOUTH COUNTY, 
SAND AND GRAVEL, 
The 'gravel and sand . deposits of Plymouth county are of 
two kinds, viz., a gravel train along Big Sioux river, and beds 
underlying the loess and found quite generally over the county. 
Wisconsin . Gravel Train.-Along the Big Sioux there are evi-
dences of a gravel train composed of materials derived from 
the Wisconsin ice. This is, however, so deeply covered as to 
be seen only in a few places. When compared to the loess-
covered gravels of the county it is not a really important source 
{)f supply. 
Loess-covered Gravels.-Over the whole of Plymouth county 
gravels underlie the loess. Noone in need of sand or gravel 
-seems to have serious difficulty in finding it with little search. 
The depth of the loess cover varies between quite wide limits. 
'The cover is sometimes so deep that the gravels have not been 
exposed where there is every reason to believe that they are 
present . . 
Just east of Millinerville, on the east side of Broken Kettle 
~reek, a good gravelly sand is obtained beneath the loess per-
haps seventy-five or eighty feet above. the stream. Gravel is 
also obtained along the creek flowing into Broken Kettle at 
this point. 
In northeast section 9, Sioux township, is an opening show-
ing some ten feet of gravel above the water level. The cover 
here consists of twelve to fifteen feet of loess and silty sand. 
The upper three feet or so of sand has interbanded silt, then 
nne gravel to water. A pit in northeast section 10 shows vir-
tually the same material, with possibly a little less cover. In 
both of these pla'ces the gravel seems to underlie large areas. 
Along Floyd river clear across the county gravels can be. 
found with little search, yet they are seldom if ever exposed. 
The slopes to the river are very geritle l and only black alluvial 
material is se~n in the channel. At Seney a low bench at the 
north edge of town furnishes a good supply of coarse gravel. 
1 
• 
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Sand with gravel bowlders is aJso seen in the road east of the 
river on the north side of section 34, Elgin township. This 
is covered with a thin veneer of loess. 
The gravel used for ,sidewalks in LeMars is taken from be-
neath the clay on the river at the clay plant in the northwest 
corner of the city. The top three and .one-half feet are clean 
fine gravel with little sand. The largest p~bbles seldom ex-
ceed one inch in diameter. Below, as deep as can be seen, 
is a bed of fine white sand which is said to continue for an in-
definite depth. Perhaps six feet of gravel and sand may be 
had above water. Laterally the material varies rapidly be-
tween clean 'and dirty streaks in the upper gravel especially. 
At the west end of the pit streaks and lens'es of plastic sandy 
blue clay interbanded with the gravel make care necessary 
. in order to get clean materiaL 
At the LeMars Brick and, Tile plant are five to eight feet 
0.£ loess resting upon three and a half feet of stratified gravels. 
Cross-bedding is common. Up to five feet of sharp white sand 
underlie the gravel. 
The west fork of the Floyd flows in a broad depression with 
ill-defined boundaries, the loess slopes leading gently down to 
a very narrow flood plain. ' The benches are loess-covered, but 
no sand or gravel ' is to be seen, even where these benches are 
dissected to considerable depths. It is possible tha t sand is 
present quite generally beneath the loess but the latter is so 
deep that it is seldom uncovered. From LeMars south to 
Sioux City gravel is not seen along the river, but there is a 
possibility of its presence. 
Willow creek is of no more importance in Plymouth than in 
O'Brien county, and yet gravels are apt to be found exposed 
or available along it as is the case with the other streams. No 
doubt a continuation of the bed used northwest of LeMars is 
tapped along both the Chicago, Saint Paul, Minneapolis and 
Omaha, and Illinois Central railways northeast of town, the 
former in northeast section 9 and the latter in northeast 10, 
America township, south of Willow creek. A~ at LeMars, 
little of the gravel is above water, so it is dredged with clam- . 
.' 
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PLATE XLIV-Dalton pit showing aerial clam shell and loading chutes, LeMars, Plymouth county. 
c:n 
I-' 
oj>. 
~ 
> tj 
~ 
tj 
o 
o 
Z 
o 
::0 
t:rJ 
":3 
t:rJ 
~ 
":3 
t:rJ 
::0 
~ 
Ul 
52 
...... 
~ 
> 
r 
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shell dippers dropping from a cable. Each railway has such 
an equipment. The amount of stripping here is heavy. The 
sand is shipped in considerable quantity as well as used locally, 
and this seems to be the source of supply for considerable 
territory. It is used for cement blocks in LeMars. 
·Along Deep creek ,from near LeMars to Re}llsen gravels ap-
pear and are used at intervals. They are always beneath loess, 
Good sand is taken from beneath . the loess in section 1, ' west 
of Remsen, for use in that town. 
Stratified beds may be. seen near the Remsen city dump in 
section 6 of Remsen township. The exposure shows about six' 
feet of rudely stratified coarse gravel in which the bowlders 
are fresh and unweathered. There is also some clean white 
sand. 
At Kingsley the cement works use sand which is take:p. fro"m 
beneath a considerable depth of loess along a branch of the 
west fork of "Little Sioux river southwest of town. . 
Reworked .Materials.~Sand bars occur occasionally along the 
course of the Big Sioux . . At Akron there. is a bar perhaps one-
half acre in extent, although all of it is not above water. The 
3ize of the pebbles varies from three inches down. Several 
bars are reported a few miles to the south. The lower fifteen 
miles of the Sioux within the county resemble the Missouri in 
that the banks are muddy and sand bars are not prominep.t. 
STONE. 
The Oretaceous beds in 'Plymouth and Woodbury counties 
comprise an extensive and somewhat complicated series of sand-
stones, shales and limestones. The limestones often present a 
marly facies and are practically confined to the upper portion,. 
the, Benton substage, of the Oretaceous. The principal cal-
careous member of the Oretaceous in this locality was named 
The Inoceramus Bed.S by White.* Later, the beds were re-
ferredto the Niobrara division of Meek and Hayden, but more. 
recent studies show that they are to be correlated with The 
Green Hom Limestone, the middle division of the Benton group 
"Report on the Geol. Surv. of the State or Iowa, by Charles A. White, M. D., 
Vol. I, p. 293; Des Moines, 1870. 
( . 
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as it is developed' in the Edgemont quadrangle, South Dakota. 
In the vicinity' of Sioux City, the arenaceous beds are highly 
indurated in places and b~come quartzitic in character. They 
have been quarried to a limited extent, but the excessive over-
burden renders any extensive development of the beds commer-
cially impossible. The calcareous beds are best exposed in 
, Cedar Bluff and vicinity, near Westfield, and near LeMars. 
At all of the above places they are interbedded with ,shales 
and arenaceous deposits and usually overlain with a thick de-
posit of loess and glacial debris. They attain a maximum thick-
ness of about thirty feet and are sufficiently pure to be used 
in the manufacture of lime and Portland cement. The follow-
ing partial a:nalys'es were made for the Survey: 
I. II. 
Calcium carbonate (CaCO. ) .. . ...... .. :.. . . . . 83.70 94,3'9 
Magnesium car,bonate (MgCO.).... .. ....... . .. 2.48 0.70 
I. Chalk rock from old quarries on Big Sioux river south of 
Westfield, Plymouth county. ' 
II. Chalk rock from Deep creek northeast of LeMars, southwest 
quarter of section 2, America township, Plymouth county. 
While the beds were formerly used in the manufacture of 
lime, the introduction of cheap limes of better grade from 
other localities has caused 'the abandonment of the industry. 
The great amount of stripping which must be done in order 
to develop the beds renders them unavailable under present 
conditions for the manufacture of Portland cement. 
POCAHONTAS COUNTY. 
SAND AND GRAVEL. 
Pocahontas county is entirely within the limits of the Wis-
consin drift. Its surface exhibits the typical fiat, marshy topog-
raphy which is so characteristic of the regions covered by the 
latest ice sheet. All the streams with the exception of one, the 
Des Moines, are younger than the drift, and the only deposits 
along them,are small sand and gravel bars. 
Stream Terraces.~ West Fork of Des Moines river cuts across 
the northeast corner of Pocahontas county, having a total 
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' length within its borders of not to exceed eight miles. It flows 
through a low flat plain very similar, though narrower, to that 
which it follows through Emmet and Palo Alto counties. In 
those counties, however, evidence of gravel in the river plain 
is everywhere abundant; here it is conspicuously lacking. It 
seems hardly likely, however, that the river plain is entirely 
devoid of material suitable for road and concrete work. 
A patch of what seems to be an old terrace appears on the 
west side of the river in sections 14 and 23, Des Moines town-
ship. In northwest 24 the river has cut some six feet into blue 
day a'nd , shows resting immediately upon the cla.y a bed of 
fine sand four feet deep. The sand is covered by a heavy mantle 
of alluvium which is fully ten feet deep at the river bank. 
The top of the alluvium ' is the surface of the terrace just 
mentioned. It is flat on top, with perhaps a slight rise to the 
west away from the river, and has an area of some fifty or 
sixty acres. In all probability the sand exposed in the river 
bank continues back if not to the extreme edge of the terrace, 
at least under a considerable portion of it. However, the thick-
ness of the entire formation above the blue clay can hardly 
exceed fifteen feet, and the upper two-thirds of this is alluvium. 
Another and much larger remnant of what seems to be the 
same terrace may be seen along the west side of the river 
through section 1 of Garfield township. There is a small open 
pit on the edge of this beside the road through the center of 
section 1. This opening shows only a foot or so of sand under 
a cover not to exceed three or four feet in depth. Back from 
the edge of the bench here the surface of the ground is per-
fectly level for over' a mile, but it is rather a far call to assert 
that the sand would be found under all of it. The indications 
are sufficient how.ever to warrant thorough test-pitting. 
Along the east side of the river the bench is entirely absent. 
Residents of the neighborhood disclaim any knowledge what-
ever of gravel and sand deposits save those in the river 
channeL 
, Reworked Mate1'ials.-Sand bars in Des Moines river fur-
nish a lar,ge part of the sand and gravel used in the northeast 
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' part of the county. Gravel is very scarce, most of the material 
being s'and, with ' occasionally a pocket or small bar of fine 
' gravel. ' These bars are quite :cornmon on the concave side of 
' bends in the stream, and in many places deposits 'have formed 
up ,against the bank on the conve,x side. 
Sand and gravel bars occur to' a greater or les's extent along 
many of the smaller streams. 'These streams are all younger 
than the 'drift, and do not have terrace gravels along them. ' 
The sands in the bars are materials which are derived from 
,the drift and eoncentrated in the bed of the stream. The town 
of Rolfe obtains its supply of building sand from bars in Pilot 
creek. . 
Drift Hill D eposits.-All that car]. be said concerning the pos-
, sibility of gravel in the hills and knobs of ,the Wisconsin drift 
ar~la has been said in various places elsewhere. The reader 
, is referred to the reports on Emmet, Palo Alto, Buena Vista, 
Osceola and other counties. 
Th~re are quite a number of openings of various sizes in the 
,drift h,ills of Poeahontas county. In the northeastern part 
there are now open pits in .northeast 14 and center 35, Des 
Mointls township, west center of 2, Garfield township, ~tc. 
,These are but examples of deposits which have been and may 
be found in the drift hills. IIi a region so devoid of gravel 
as is Pocahontas county, these pockets in and cappings on drift 
hills become of prime importance, and althoug~ small amounts 
,only are available in anyone place a diligent search is war-
ranted and may prove profitable. 
Buchanan Gravels.-A deposit of gravel older than the Wis-
' consin, the Buchanan, overlies the stone in the quarry at Gil-
more City. A discussion of these gravels i;n detail so far as 
,observed Will be found in the reports on Emmet, Palo Alto, 
,and Buchanan counties. They are not of commercial impor-
' tance in Pocahontas county. 
STONE. 
But a single exposure of the indurated rocks is known in 
this county. The Saint Louis has been qilarried for a number 
PLATE XLVI-Fort Dodge Portland Cement Company quarry showing steam shovel, drill rigs and tracl~ arrangement. This 
quarry supplies one of the largest crusher plants in the state. Gilmore City, Pocahontas county. 
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of years two miles north and one mile east of , Gilmore. The 
quarry is now owned and operated by the Fort Dodge Portland 
Oement Oompany. The following beds may be observed: 
, FEET. 
11. Soil, sand and graveL .... : .............................. 5 
10. Crystalline limestone, light 'brown in color, cavernous due to 
weathering, much shattered and of little value.. .. .... 4 
9. Limestone, light brown, coarse in texture and subcrystaIIine, 
splits well with bedding planes, but in an irregular man-
ner vertically, heavy bed ......................... : .... 3 
8. Ledge, as above, underlain with two inches plastic, var-
i,egated red and greenish clay. .. . . . . . . . . . . . . . . . . . . . . . . . 1yj 
7. White to pinkish brown limestone, in part fossiliferous; 
beds broken by v,ertkal joint planes along which water 
has formed many small caverns and on which small 
pyrite nodules and fossils stand in relief. Ledges run-
ning two inches up to three feet in thickness........ 10 
T. H. Macbride in Geology of Humboldt County* gives the 
following additional strata then visible below the above section: 
. FEET. 
6. Blue shales, limestone and clay; very fossiliferous ... '. ,.. 2 
5. Lithographic limestone, much inclined to angular fracture : . 1% 
4. Heavy-bedded, fine~grained limestone, no fossils..... . .... 3 
3. Slialy; thin-bedded limestones, with few fossils .... .. ... : . i 
2. Coarse-grained, fossiliferous Hmestone, containing fragments 
of 'No.1, but separated from ' it by a parting of shale... 1 
1. Lithographic limestone, fine-grained and very hard .... , . : . 2 
This author regards the lowest beds as equivalent to those 
quarried at Humboldt in the adjoining county to the east. 
Numbers 7, 8 and 9 constitute the principal quarry rock. An 
analysis made of a sample from these members is given here-
with: 
Silica (SiO.) ...... ' ....... ............. .. .......... ... . 0.32 
Calcium carbonate (CaCO. ) .. : ....... ....... .. ....... ... 99.62 " , 
Water and undetermined ....... ...... .. ...... ....... ... 0.06 
'J. B. WEEMS, analyst. 
A casual inspeotion of this , analysis shows the limestone to 
be almost absolutely pure and it appears to be of high quality. 
The old quarry is located in the lowest portion of a broad 
depression which appe~rs to be the site of a former pond or 
sinkhole. It is a local. center of drainage and some trouble 
with water ha's been encountered. 
"Iowa Geol. Survey, Vol. IX, p. 132. 
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. The present company have opened a new quarry to the north-
west of the old quarries and have installed a modern crusher 
plant of Jarge capacity. They have also built in a spur from 
the Ohicago, Rock Island and Pacific railway with sufficient 
trackage to perinitan' economic distribution of their output. 
Orushed stone is the only product at present. A considerable 
area of limestone is available under light stripping. The qual-
ity is excellent for crushed stone purposes. 
POLK COUNTY. 
SAND AND GRAV)':!.. 
Polk county is generously supplied with gravel and sand, 
and is one of -the largest exporters of these materials among 
. the. counties of Iowa. Enormous quantities are to be found 
in Des Moines and Raccoon rivers. Water-laid materials also 
occur quite commonly in the drift hills, but are not so largely 
develop.ed as the former deposits. . 
TerraceB.~RemnaIits of a ·greatly eroded and dissected ter-
race about sixty feet above Des Moines river appear in sec-
tions 29 and 30, Madison, and-3, Jefferson townships. Thor-
ough prospecting done by the Ohicago, Milwaukee and Saint 
Paul Railway showed from fifteen to eighteen feet of gravel 
under one to three feet of alluvium. The material is in gen-
eral . fairly coarse, and in places is quite badly iron-stained. 
A remnant of a higher terrace may be seen on the north side 
of the. river and near the Polk-Dallas county line. In Greene 
county a terrace corresponding . to this is ·gravel-bearing. 
There is a terrace along . a . small creek in .section 18, Madi-
son township, that may contain a large supply of gravel. The 
terrace is 500 to 1,000 feet wide and perhaps half a mile long. 
'The gravel is fine and rather dirty where it can be seen, but 
good exposures are wanting. The. alluvial covering is perhaps 
two feet thick. . 
, Along Big creek in sections 10 and 22 of Madison township 
there is a terrace some eighteen feet . above the creek. The 
terrace consists of two feet ' of a}luviu~ .underlain by six to 
seven feet of fine gravel. 
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Below Des Moines terraces are occasionally to be seen, but 
these are almost always composed only of drift. 
H . F . Bain reports that all the larger creeks, such as Four 
Mile, Camp and Mud, have gravel terraces, but these are not 
at present being exploited. An exception to this is the ter- . 
race deposit at Avon. 
R eworked Materials.-Enormous quantitIes of sand and 
gravel are to be found as beds and bars in Des Moines and 
Raccoon rivers. These have been and are being developed on 
a large scale in the vicip.ity of Des Moines, and materials taken 
from here are shipped over a wide territory. Depths of gravel 
up to thirty feet ar.e common in the stream beds. The usual 
method of working these deposits is by a centrifugal pump 
mounted upon a barge, but scraper buckets and other devices 
are occasionally used. . 
Quite large quantities of clean coarse sand and fine gravel 
are to be found along Four Mile creek from Alleman south. 
Similar materials occur on Mud creek between Altoona and 
Des Moines river. Skunk river is destitute of even sand. 
Miscellaneous Deposits.-The northern part of Polk county 
lies within the area of the Wisconsin drift. Capitol Hill in 
Des Moines marks the extreme advance of the Des Moines 
lobe. Kames are common over the northern portion of the . 
eounty, but do not furnish a large supply of sand and gravel. 
'Even where kame gravels and sand are available the farmers 
prefer to haul their supplies rather than spoil parts of their 
fields. In a few instances sand and gravel have been removed 
and the land smoothed out again. Farmers report that sU0h 
land is more easily tilled than formerly. 
In section 31 of Madison township is a large kame whose 
surface shows gravel in places, but which has not been opened. 
STONE . 
.. 
The Coal Measures as developed in Polk county comprise 
shales, argillaceous limestone, sandstone and occasional coal 
seams. The argillaceous ~eposits greatly predominate. The 
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sandstones are usually imperfectly indurated, while the lime-
stones occur only in thin beds or as "Caprock," and neither 
affords . ~ny Gonsiderable amount of material suitable for struc-
tural Imrpqses . . The sandstones have been quarried to some 
. extent but ,are not used in important structures. The sandstone 
beds exposed at the foot of Capitol Hill · have probably been 
more extensively .developed than any' other in the county and 
are said· to have supplied material for the walls of old Fort 
Des Moines; The beds are exceedingly variable in color, tex-
ture and hardness and are easily accessible. . The county must 
depend upon other sources for road and concrete materials. 
POTTAWtATTAMIE COUNTY. 
SAND AND GRAVEL. 
Sand and gravel are really scarce articles in Pottawattamie 
county. Missouri river has and does in places show evidence 
of an old gravel train, but these materials are so deeply buried 
as to be practically negligible. In speaking of these gravels, 
.T. A. Udden, in his report* on the geo~ogy of the county pub-
lished in 1901 says, "The valley of the Missouri river has a 
filling about seventy feet deep under the present flood plain, 
and there is a similar filling in the upper part of the West 
Nishnabotna valley. The lower part of this filling usuaUy 
consists of sand and gravel, and the upper part is mostly 
stream sand and silt." The depth of the ' covering varies from 
a few feet to upwards of thirty feet. 
Opposite Oakland there is a terrace on the west side of 
Wes.t Nishnabotna river, and some second bottom lands are 
also seen south of Avoca on the east side. These are rem~ 
nants of an old flood plain which must have been some .thirty 
feet higher than the present bottoms. This terrace is covered 
with at least twenty feet of'loesslike silt. A similar but higher 
terrace is seen occasionally along Mosquito creek, as below 
Neola. At the latter place loess, which forms the upper twenty 
feet of the material of the terrace, rests on stream sand and 
gravel, . into .. which some wells have been sunk. Traces of a ter- . 
*Io'wa Geological ' Survey, Volume XI, p. 20~. 
) 
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race ,are also seen ,on the' East Ni~hnabotna, on Keg andS~lver, 
creeks, in the - bluffs of Mi~souri river, and along .the lowel; 
cour:ses of some of its tributaries. 
Nishnabotna river is, terraced between Harlan (Shelby 
county) and Oakland. The principal , terrace ranges froID' 
twenty-five to thirty feet above the flood plain and is composed 
of the following: 
FEET. 
Loess and alluvial wash " .. .. ........ . ' ...... ...... .. ........ ,6-10 
Sands, inteI1bedded with thin clay seams ..... : ...... ... ...... 10·12 
Sands, co'arser and cleaner than the above, clam shells and 
occasionally. bon,es are reported to occur i.n the loweJ;" sand.. 10 
The old glacial gravels which occur capping the till and under: 
the loess form an important source of supply. The 'report by 
U dden cited above seems to contain all the available informa-
tion on these deposits, and ' consequently is reproduced ver-
batim. 
Valley Drift Gra1.?el.-" In the bluffs bordering the larger 
stream valleys the till is often capped by more or· less. gravel 
and sand. N early all of the sand and gravel pits which have 
been worked in the county belong to this class. These de-
posits are evidently of glacial origin, for iIi some places they ' 
are seen to be interbedded with lentils and layers of bowlder 
clay, or overlain by the same. The greatest development of 
glacial gravel' and sand is under the loess along the bluffs 
of the Missouri river, especially north of Kane township. They 
frequently reach a thickness of twenty to, thirty feet, and have 
in many' places been cemented into a solid mortar rock by 
percolating calcareous water which ' drains through this open 
straturri. from the, uplands back of the river. Along the West 
Nishnabotna these gravels have a much smaller development, 
' but present the same characters. Some are seen about fifty 
or sixty feet above. the flood plain in the west bluff three miles 
south of Avoca. 
"Without wishing to express it as a mature conclusion, the" 
author ' is inclined. to , the VIew that these - deposits represent 
34 
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the work of the present streams at a time when their course 
was first marked out on the stagnant ice field which brought 
the underlying bowlder clay. These streams may then have 
followed open valleys or extensive tunnels in the ice. In either 
case there would be opportunity for the ice to float out and 
deposit som'e till with the stream gravel. Another feature of 
these deposits not mentioned above is the presence in some 
places of sharply and clearly cut joints and faults that follow 
numerous straight and intersecting planes in the gravel and 
sand. Such faulting could hardly have taken place in this un-
consolidated and heterogeneous material unless it was frozen 
at the time. A conspicuous instance of complex faulting of 
this kind was observed in a gravel pit just south of Loveland 
station. " 
In the vicinity of Loveland are two or three pits which 
doubtless belong to this class. These may be seen both north 
and south of town. In southwest section 14 of Rockford town-
ship and again a little farther south similar exposures may 
be seen. Another which probably belongs in the same cate-
gory is located in section 11 of Lewis toWnship. Bank sand 
has been and is being used at several points near the foot of 
the bluff both above and below the city of Council Bluffs. In 
the vicinity of Avoca bank sand, apparently subloessial, is ob-
tained at several points south of town and is used for mortar 
and plaster. 
Sand and gravel are scarce in Council Bluffs and vicinity. 
The Missouri river sand is used to some extent, but carries a 
high percentage of silt. Most of the sand and gravel used for 
dreet purposes is imported from Nebraska. The most exten-
sive local deposits occur near Henton's, across the line in 
Mills county. Outcrops of limestone occur in the same neigh-
borhood. N either stone nor gravel has been used to any ex-
tent in road work in the west end of Pottawattamie county. 
River sand is used to some extent. Sand for concrete is shipped 
in from Platte river or Des Moines river. At Oakland sand 
is obtained from Nishnabotna river by means of centrifugal 
pumps mounted on scows. Two of these are in operation at 
the present time. The sand ranges from fine to medium and 
.. 
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carries a comparatively small percentage of . aggregates up to 
one and a half to two inches in diameter. 
STONE. 
With the 'exception of small areas near the eastern edge of 
the cOlmty, the underlying indurated rocks belong to the Mis-
souri stage of the Upper Oarboniferous. These are limestones 
and shales. In general they lie deeply buried beneath the 
glacial deposits and where expos~d along some of the larger 
streams, are usually overlain with great depths of drift and 
loess. 
There are but two districts where Missouri strata are ex, 
posed. In Carson and Mac~donia townships, in the vicinity 
of the towns of Carson and Macedonia, several small quarries 
have been operated. No stone is, however, being taken out at 
the present time~ 'and all exposures are greatly obscured. 
At the John Marten quarry near the northwest corner of 
section 23, Macedonia township, the main quarry beds are cov-
ered with ':fifteen feet of mariy shales and weathered fossilifer-
ous ~imestone, above which are eight to ten feet of drift and 
loess. The layers quarried consist of three ledges qf gray, 
compact limestone, e:;toh about a foot ,thick . and separated by 
seams of marly materiaL The upper layer contains nodules of 
dark chert. Below the gray stone are three feet of a soft, 
yellow limestone filled with Fusulina cylindrica. Similar strata 
were formerly worked near the northeast corner of section-
27 in the Tompkins quarry. West of the river and opposite 
the town of Carson in section 3 of Carson township, rock has 
been quarried at several points along the edge of the valley. 
The following section was formerly exposed, on the land of 
Mr. David Snapp: 
FEET. 
7. Drift and· loess ... . ...... .. : .. : . r . .... ,·:' ... ': .. :, ..... : .. ; . 20-
6. Limestone, gray, hard, strong, highly fossiliferous ... . .. , : 6,_ 
5. Shale, gray, indurated.................................... .7 ''-l. 
4. Limestone; dark, soft, of fine and uniform texture, gray to 
black, fossiliferous . . .. ....... . . . _ ....... .. ............ .1 
3. Shale ........ .. '. . . .. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .5 
, 2. Limestone, dark, impure, ,fine-grained, soft................ .5 
1. Shale, gr eenish gray, -exposed .. ... .... . ..... : . ........... 2 
• 
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, All of the rock ledges open to view. in this district are much 
weathered, and of a poor graq.e for building purposes. These 
conditions, along with the heavy .stripping that would be re- . 
quired, the thinness of the individual usable ledges, and their 
being interbedded with such large proportions ' of worthless 
materials, are all unfavorable to the development of the quarry 
business. 
The Missouri limestones have been quarried at two other 
points in the county in past years; below the town of Crescent 
in sections 27 and 34, and on Mosquito creek, section 21, Garner 
township. At the former locality, the following strata outcrop 
almost continuously for three-fourths of a mile at the base of 
. the Missouri river bluff. 
FEET. 
6. Loess and drift up to .... .. .... .... .... ....... .... .. ...... 100 
5. Limestone, yellowish to gray, in ledges six inches to one foot 
in thickness, occasionally :brecciated and in "places having 
a finely oolitic texture .. . .... ....... ....... ............ 5 
4. Shale, yellow ... .... ..... . .... . .. .... .. ......... . . . .... . 2 
3. Limestone, yellowish gray, compact, occasionally oolitic, 
fossiliferous ... ... ..... . .. .. ........ .. . .. . .. .......... 2 
2. Shale, gypseous, highly fossiliferous .. .. ....... ...... ..... 5 
1. Limestone, massive ledge, fine-grained, oolitic, fossiliferous, 
exposed . ............. .. .. . .......... . ...... .. .... . ... 3 
These strata afford a good quality of building material, and 
lime was burned here many years ago. But the enormous quan-
tity of stripping necessary to render any considerable amount 
of the stone available, is a barrier to further development at 
this point. 
The Mosquito creek quarry 'has long since' been abandoned 
and the strata are very meagerly exposed . . Here also the ex-
tremely heavy ove.rburden renders the further working of the 
quarry practically impossible. 
Strata belonging to the Cretaceous system underlie portions 
of . Pottawattamie county east of . West Nishnabotna river. 
They consist of beds of ~lay and. soft, friable sandstone, the 
latter varying in color from white to gray and brown. The 
entire county is deeply covered with Pleistocene deposits and 
the only. evidence. of the . presence. of the Cretaceous comes from 
deep wells and a few scattering exposures near the extreme 
southeast corner of the county. 
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J. A. Udden* records a maximum thickness of forty-two feet 
of Cretaceous sandstone occurring in the northeast quarter of 
section 36,Wright township, as an escarpment over a quarter 
of a mile in length, facing the river. It is again seen near the 
southeast corner of section 1 of this same township, also in 
section 28 of Grove township. In all instances, the 'rock is of 
uniform fine texture, but the grains of sand are poorly ce-
mented so that it will 1J.sually crumble in the hand. Bedding 
is not conspicuous, great thicknesses appearing as one con-
tinuous ledge. All the exposures noted are heavily covered with 
glacial deposits. Aside from being the source of local supplies 
of good sand, the Cretaceous sandstones of this county are of 
little economic value. 
POWESHIEK COUNTY. 
SAND AND GRAVEL. 
The loess-veneered Kansan drift covers practically the entire 
surface of the county. No large streams cross the county and 
none of the smaller streams head back in the Wisconsin drift 
territory. As a consequence sand and gravel deposits on a 
commercial scale are not believed to be present The su.:b-
loessial sands, sometimes more or less gravelly, are qUite gen-
erally present and important as a water-bearing horizon, but 
are of little importance as a source of road and concrete ma-
terials. Most of these materials used in the county are shipped 
in from Polk and Mahaska counties. 
RINGGOLD COUNTY. 
SAND AND GRAVEL. 
All of the sand available in Ringgold county is obtained 
from the beds of the streams. Grand river, which is the larg-
est stream, deposits but little sand o,r gravel in the vicinity of 
Knowlton, Diagonal or Benton. A small tributary of this river, 
,entering about ' a mile south of Diagonal, supplies the local 
community with sand, and , small amounts' of the same mate-
·Geology of Pottawattamie county, Iowa Geol. Survey. Vol. XI. p, 237. 
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rial are · reported from some of' the streams between Diagonal 
and the Missouri ,line. 
The northern half of the county is practically destitute of 
sand and gravel deposits. Most of the sand used at Mount 
Ay!' is shipped from Davis City or Blockley, but some has 
been hauled from Waterson, ten miles south. The pit from 
which this is taken IS in the bed of a 'small creek a bout one and 
a half mile southeast of t.own. The annual output is perhaps 
thirty cars. There is but little sand in Grand river between 
Mount Ayr and Kellerton. The same is true of Platte' river in 
the Vicinity 6f Benton and Diagonal. ' . 
SAC COUNTY. 
SAND AND GRAVEL. 
The important sand and gravel deposits of Sac county may 
be classified under two main 'heads; gravel trains along the 
streams which were with.oJ1t do:ubt deposited by flood waters 
from the melti:p.g W~sconsin ice, and water-laid materials in 
or upon the Wis90nsin drift hills themselyes. In a few 'isolated 
places the B~chana~ gravels, w:qic,h in the northwestern part 
of the state so ge:oerally underlie the loess, and the Aftonian 
gravels" older than the Kanf;lan series and underlying it, have 
been exposeq. by. erosioIj.. . These latter:, ,however; are of no 
impqrtancl'l from a practical staIj.dpoint, and discussion of them 
must be brief in a report of this nature. 
Stream Terraces.-Marked terraces occur in places along the 
course of Raccoon river throughout th~ county. Crossing tbe 
line from Buena Vista county almost exactly at the northeast 
corner of Delaware township, the Raccoon meanders in a widl~ 
flood plain to section 1 of that township, in the south half of 
which it cuts through a range of drift and gravel hills. Below 
this point, and to within a mile of the, corporate limits of the 
towri. of Sac City, it finds its way through and around heaps 
of glacial debris of undoubted morainal origin. To the south-
ward 'the river has distributed some gravel, but in only a few 
place's is any now seen. In sections 24, Delaware, and 30, 
Douglass townships; the' gravels appear as a terrace some forty 

PLATE XLVIII-Hammen pit showing pit end ot conveyor and rear view of pit, Sac City Cement Pipe Company, Sac City, 
. Sac county. 
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PLATE XLIX-Hammen pit showing belt conveyor, elevator and screen, Sac City Cement Pipe Company, Sac City, Sac 
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feet above water, and are ,seen at a few places to the east. After 
the numerous windings of the river here there is nothing in 
sight but drift, until the northern part of section 14 of Jackson 
township is reached where a conspicuous terrace appears. This 
t,errace , is some twenty-five or thirty feet above the waterline, 
seems to be nearly all gravel, and is more or less continuous 
through Sac City. The railway has removed large quantities 
of gravel where it cuts' through this terrace in the north part 
of section 14. 
At Sac City these gravels are used by the Sac City Cement 
Pipe Company and by Phil Shaller for cement work. The for-
mer company has located a pit close to the river, and a twelve 
to fifteen ·foot section is open; The total section exposed in 
the two pits named shows some three and a half feet of wash 
covering, below which are seven to eight feet of uniform, rather 
fine sand with streaks of fine gravel. Underlying this are 
ten to twelve feet of medium fine, well-proportioned gravel rest-
ing upon clay some three feet above water. At the Cement 
Pipe Company's pit there are only five or six inches to be 
stripped, then good clean gravel, finer below" the whole face 
averaging well for concrete work. ' 
,The Raccoon valley is narrow below Sac City to northe!1st 
Wall Lake township, where it widens out and continues so into 
Coon Valley township. The flood plain itself is usually prac-
tically nil, and the bottoms are largely gravel trains. The 
gravels are exposed at many points and are frequently used; 
e. g., in south section 12 of Coon Valley township, where an 
unnamed stream from the east has , exposed 'fifteen to twenty 
feet of them. A similar opening may be seen in northwest 
section 32 of the same township. 
The river valley narrows again in south Coon Valley town-
ship. In sec,tion 28 the gravel plain is nearly a mile wide. 
The valley narrows in section 33 and on into Sac township 
where it is still bordered by a terrace which here seems to be 
largely drift, not even gravel covered throughout. At Grant 
City the terrace is about forty feet above water. 
Cedar creek is nearly the size of the Raccoon, and flows 
through an alluvial valley which becomes somewhat steep~ 
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walled as the ;Racco.o.n is appro.ached. In sectio.n 20 o.f Cedar 
to.wnship a well-defined . gravel terrace appears o.n the west, 
and suggestio.ns o.f. it may be seen o.n the east .of the creek; 
so.me thirty feet abo.ve the str.eam. This terrace . has been 
o.pened. jn the middle o.f the sectio.n where the ro.ad cro.sses· it. 
There is no. terrace in Sac co.unty abo.ve this po.int, but it co.n~ 
tinues belo.w .to. the co.nfiuence o.f Cedar creek and the Racco.o.n. 
The gravels are no.t pro.minent but appear in a few places. 
Indian creek and its branches are impo.rtant waterways, but 
geo.lo.gically are uninteresting except· in the vicinity o.f Wall 
Lake. The upper water co.urses are meandering swamp streams. 
In so.uthwest Wall Lake to.wnship the creek whittles its way; 
thro.ugh the drift at the west mo.rainal .fro.nt until, at the to.wn 
o.f Lake View, it . turns .abruptly east andno.rtheast thro.ugh 11 
maze o.f mo.rainal hills. The gravels, at Lake. View and aro.und 
the west end o.f the lake are terrace materials and appear to. 
extend so.uthward, co.ntinuing in the directio.n o.f Indian creek . 
. A pro.minent terrace so.me thirty-five feet ' high begins just 
no.rthwest o.f Lake View, and ,extends two. .miles south o.f to.wn 
aro.und an :arm o.f the lake. A pit is wo.rked in to.wn by Messrs., 
B. Kennedy and Mo.lder. The sectio.n sho.ws so.il two. feet;, 
co.~rse ru.sty bo.wlders o.ne to. two. and o.ne-half feet; go.o.d grav.el 
and sand, 10 to. 12 feet. A two.- -to. fo.ur- o.r six-inch clay streak 
co.mes in three to. fo.ur feet fro.m the base o.f the present pit, 
belo.w which are perhaps twenty feet o.f go.o.d material do.wn 
to. water level o.f the lake. In the K. &. M. bank a band o.f drift 
day apparently a fo.o.t o.r so. in thickness co.ntains irregularly 
arranged pebbles up to. the size o.f o.ne's fist. This is co.vered 
by fo.ur o.r five feet o.f co.arse gravel and is underlain by sand 
o.r gravel. The bo.undaries o.f the layer o.f till are definite. 
Abo.ut ten feet o.f gravel, and sand are no.w expo.sed belo.w the 
till, but no.t much i~ being taken o.ut. 
Belo.w the to.wn the terrace has been wo.rked o.n a large scale' 
by the railro.ad company, and eno.rmo.us quantities o.f gravel re-
mo.ved. 
There are also. co.nsiderable amo.unts of sand and gravel 
abo.ut the to.wn o.f Early, called Wisco.nsin outwash by Mac-
bride. The scho.o.l house is o.n a gravel mo.und, a,nd the Ceme-
PLATE L--Pit of the Lake View Sand and Gravel Company, Lake View, Sac county. 
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tery east of town occupies a similar position. The town water 
supply is reported to be from gravel at a depth of twelve feet. 
There is a small opening on the McCormick farm in the 
northeast quarter of section 10, Boyer Valley township, and 
a large one in the southwest quarter. The latter pit furnishes 
' suitable gravel for all purposes. The upper eight ~, nine 
feet are rusty and somewhat impure but furnish fair mate-
rial for road work. Below comes apparently clean and fresh 
gravel, which Williams thinks belongs to th!;l Wisconsin gravel 
train. 
Morainal Deposits.-The east half of Sac county lies witlfin 
the Wisconsin drift area. The topography 'of this 'portion 
of the county is typically morainaL Many of the gravel-bear-
ing hills have been and are being developed, and they afford 
a useful and valuable supply of materials suitable for road 
and concrete work. 
All through west Wall Lake township, from section 32 of 
.Tackson, in ,sections 5, 8, 17, 21, 28 and 29 occur sharp morainal 
knobs, always gravelly, and sometimes affording gravel and 
sand as at north 17, northeast 29, and 'so on. 
In section 28 of Wall Lake township is a series of e19ngated 
bills having a general north and south direction. These hills 
b'ave been opened on the farm of Erie W. Scott, and much 
gravel has been removed from a pit near the middle of this 
section. The Scott pit is in a ridge or esker, which has been 
, opened for a distance of forty rods or so. The cover varies in 
depth from zero to several feet on both sides of the ridge. 
There is usually fine sand at the top, grading downward into 
gravel. The gravel overlies a band of eight to sixteen inches 
in thickness of very silty and worthless sand, which latter does 
not run regularly, but pinches out, only to appear again higher 
or lower. Below this clay band are four to five feet of clean 
moss-bedded sand above gravel, although this sequence is often 
reversed. The clean gravel rests upon a yellow-brown-black 
base of partially cemented gravel and sand that is very irreg-
ular. It is broken through in places, and a usable iron-stained 
~oarse gravel is then found. As a rule this iron-stained gravel 
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is at the bottom of the pit. A maximum depth of about twenty 
feet is worked, : and several cars a day are being shipped. The 
grav:el contains a marked <quantity of shale, which is especially 
noticeable in the sand as it caves and Tuns down. 
Throughout sections 27, 22 and 23 of Wall Lake toWnship , 
kames are abundant. To the north of Indian creek these 
sometimes resemble drift hills, level, with gravel caps. They 
have been ope:ned 'in many places, notably in south section 22. 
, . 
, B~tchanan Gravels.-The western half of Sac county lies out-
side the Wisconsin drift area, and the surface materials are 
Kansan drift covered by loess. In many ' places Buchanan 
gravels, the water-laid materials from the older drift sheet, 
may be seen. These impure subloessial gravels appear in 
places in road cuts, as on the township line between sections 
25 and 30 and 13 and 18, Eden and Delaware townships re-
spectively. They are always highly iron-stained, and an abun-
dance of limestone is always noticeable. They do, however, 
usually, afford good and needed road ballast. 
The same subloessial, iron-stained gravels appear at 'rare in-
tervals along the, edges of the upper Boyer valley, as in north-
east section 11 and southwest 22. There are no signs of ter-
races anYwhere on this part of the Boyer, but in the broad 
Bats of t,he stream in Eden township there seems to have been 
a small amount of gravel distributed, 'which now occurs at 
intervals underneath low alluvial benches, perhaps eight to 
ten feet above water. These are seldom uncovered or made 
use of, and are indeed unimportant, although much needed. 
The only exposure of these gravels noted is in the road be-
tween sections 21 and 22, Eden township, north of a stream 
from the west. The same low fiats are seen at points to the 
north and northeast, but none have been opened. 
r In section 10 of Boyer Valley township, just southeast of 
Early, is a ridge running diagonally northeast to southwest 
which appears to be gravel capped if not entirely composed 
of gravel. The relation between loess, drift and gravel here 
is the usual one, and these seem to be only a more prominent 
development of what may be seen ·in 'a loess-covered country, 
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comparable to the Sibley, Sheldon, LeMarsand Correction-
ville pits. They bear no .definite relation to any present stream, 
but are fifty feet above the Boyer, and remind one of a similar 
occurrence south of Alta (Buena Vista county) along the Little 
Maple and again on the same stream just over the line in 
Cherokee county. 
Reworked Materials.-Sand and gravel bars are variously 
distributed in the streams of Sac county, but are of practi-
cally no importance ;1S sources of supply. They are utilized 
occasionally, however, to satisfy small lo~al needs. 
STONE • . 
Stratified rocks outcrop at but a single point within the con-
fines of the county so far as known at this time. At Grant 
City Raccoon river impinges< strongly against its south bank 
and uncovers a series of coarse-grained sandstones, clay shales 
and chalk deposits, the a:ssemblage aggregating forty or fifty 
feet in thickness and belonging to the Cretaceous system. Where 
'exposed the sandstone is not sufficiently indurated to be useful 
as a structural material. The clay shales are of good quality 
and are used in a small way in the manufacture of brick. The 
. chalk was used formerly for the manufacture of lime, an indus-
try which long since was abandoned. The clay shales and ohaik 
blended in the proper proportions would probably produce a 
mixture suitable for the manufacture of Portland cement. The 
smalln,ess of . the section and. the inaccessibility of the beds 
make such use impossible. 
SCOTT COUNTY. 
SAND AND GRAVEL. 
The absence of sand and gravel over the larger part of 
Scott county is a striking fact, and one in strong contrast with 
the abundance of these coarser deposits in the counties a little 
north and northwest. Beyond a . short distance south of the 
Iowan frontier which follows roughly the course of Wapsipini-
35 
~ 
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F IG. 53-Sa nd hill s of I owan f roptier, Princeton township, Scott county. 
con river and is two or three miles south of it, there were no· 
agencies during Pleistocene times capable of carrying heavier 
sediment than the fine silts and sands of the loess. North of 
that frontier, however, sand is plenty, and in the great belt of 
hills in' Princeton township, which overlooks the flood plain 
()f the 'Wapsipinicon, heavy beds of sand are superior and 
peripheral to the loess. In many road cutS·'.in this district 
typical loess is seen to pass outward into sands by gradations 
which show that the two deposits were cont(lmporaneous. The 
loess is often seen also to 'pass downward into beds of sand 
by intercalation in tortuous, irregular, discontinuous layers, 
s,howing conclusively the genetic indentity of the two deposits. 
So far as now known the Buchanan gravels, the heavy de-
posits laid down in the swift glacial streams from the melting 
Kansan ice, do not exist in Scott county. They are, however, 
found in forc~ a few miles north of the county line, near 
DeWitt, and it is from pits in the paha-like hills which they 
there· form that the gravel is obtained which is being largely 
used for road making in Scott C9unty. Just south of the county 
line the Durant cut of the Chicago, Rock Island and Pacific 
railway discloses a gravel, almost wholly made up of" local 
materials, overlying Kansan till and covered with. a ferretto; 
and similar gravels no doubt exist in the adjacent hills across 
the line. ' 
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,STONE. 
The Silurian rocks in Scott county belong to the Niagar~n 
series and form the country rock over the northern two-thirds 
of the county. The lowest stage of the Niagaran, the Hopkin-
ton, has not been recognized 'in the county and all of the Silurian 
limestones are referred to the upper stage, the Gower of N or-
ton. Exposures of the Gower occur in all the townships north 
of a line extending from Valley City slightly north~est to about 
five miles north of Durant, save in Sheridan and Lincoln town-
ships where the drift completely conceals the country rocks .. 
The two distinct lithological phases of the Gower are well 
shown in the county. The pure, hard, subcrystalline dolomite,. 
free from chert and especially adapted to the manufacture of 
lime, is known as the LeClaire from its occurrence at,the village 
of that name~ The upper beds, comprising light buff, vesicula'r, 
evenly bedded dolomite, are generally known as the Anamosa 
stone. 
A distinguishing characteristic of the LeClaire rocks is the 
absence or abnoi::mal disposition of its bedding planes. It often 
apparently occurs' in large m'ounds in which scarcely a trace of 
stratification is visible. Such an example may be seen at 
Schmidt's lime quarry south of Dixon. The LeClaire often 
exhibits false bedding on gigantic scale ; the beds being inclined 
from zero to 40 degrees. The dip is exceedingly inconstant, 
varying both in inclination and direction in short distances. 
The Anamosa beds are intimately associated with the Le-
Claire, and usually lie in even and horizontal or slightly un-
dulating layers. ChemicaJly the Anamosa stone is a dolomite, 
differing in its constituents from the LeClaire in the larger 
per ' cent of impurities present. In Scott county the stone runs 
in even parallel courses, whose thickness depends largely upon 
weathering. Layers from eight to twelve inches are the most 
common a,nd blocks can be taken out of almost any dimensions. 
The Anamosa beds are generally laminated, but grade down-
ward insensibly into the LeClaire by the lamination planes be-
coming obscure, and the stone becoming subcrystalline. By 
another type of lithological variation the rock becomes hard ' 
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and .compact with a sub conchoidal fraciure, resembling the 
lithographic phase of the Devonian. These layers are often 
termed "flint" by the quarrymen, although destitute of silica. 
Outcrops of both the LeClaire and Anamosa are generally 
distributed along all of the principal waterways. Numerous 
quarries have been opened, but with a few exceptions they are 
of local importance only. A few typical exposures are given 
below. The LeClaire beds are exposed and have been quar-
ried on sections 13, 14, 15, 18 and 22, Liberty township, and 
section 5 in Cleona township, in the west end of the county. 
The beds range from twelve to thirty feet in ,thickness and 
show the usual LeClaire characteristics. The LeClaire also 
occurs in section 7, Allen Grove township, 'where it has been 
burned for. lime for more than a half century, and at a number 
of points near Big Rock. It occurs and has been quarried 
near Princeton and LeClaire. 
'The Anamosa beds have been developed extensively in the 
vicinity of Princeton and LeClaire. North of the latter place 
the LeClaire Stone Company has opened and is operating the 
largest . quarry in the county. The quarry is connected with 
the Iowa and Illinois railway. 
The beds exposed are as follows: 
FEET. 
LE CLAIRE SECTION. 
8. Loess and drift, thickness variable ......... : : .......... . .. 0-10 
7. Limestone, buff, dolomitic, much weathered, thinly bedded 
and often almost clayey in appearance .. ... . .......... 10-30 
6. Dolomite, cavernous, most vesicular layer in the quarry, 
hard and brittle, subcrystalline; some of the cavities, con-
tain crystals .. .. ...... .. .. .... .... ............... .. . .. 5-6 
5. Dolomite, thinly bedded and much weathered in places; 
often hard and brittle and hluish when fresh . . . . . . . • . . . . 4 
4. Dolomite, heavy-bedded, somewhat vesicular and irregu-
larly indurate d .. . ................. . .................. 2 
. Spring line here. 
3.' Dolomite in r emarkably even beds and very soft when first 
quarried. The best dimension stone in the quarry; in 
six layers .. .. . ......... .. ...... ..... ....... .. ...... .. 6 
2. Dolomite, in heavy beds, upper portion shows a tendency to 
split irregularly; brittle .............................. 6 
1. Dolomite, thinly bedded, cavernous in places, exposed.... 4 
.. 
/,/~ '-
/ 
PLATE LI-General view of LeClaire Stone Company quarry, near L eClaire, Scott county. The handling of material is done 
by derricks alone. 
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.. : ~lie guarry is equi~ped with, l?team drills and derricks ap..d 
an A~stin, ~ru~her p~ant. , T~e stone is car'ried from quarry 
to ,e;ars ,' ahd cr~sher ',by m~an~ of derricks, and very Ii,tile 
trackage'is required. Three sizes oi' crushed stone, in addi-
tion tQ the 4ust, are. put ,upon the market. The quarry also sup-
plies :rul;>b.Ie and 'riprap and all 'sorts of dimension stone. 
The 'AIiarQ()sa, ' beds 'here dip toward the northwest ,at a low 
angle: ' 
'. , I I 
Other , quarries have been opened ' near Le'Claire but show no 
new features. The beds developed are usually less regular than 
those " just. des~ribed. , ,Of the large number of quarries ' which 
have been worked from time to. time in the vicinity of Prince-
ton, only one is given here. Several quarries have been opened ' 
: at the base of the high blQffs which' skirt the valley of the 
Wapsipinicon, northwest ' of the town of Princeton; one of the 
, most extensive is located on the' northwest quarter of section 
34, Princeton township_ The succession of beds is as follows: 
FEET. 
5, 'Superficial deposits r esting on 'Ilnpitted rock surface...... 2 
4. Limestone. in thin layers; mostly 2 to 4 inches thick, a few 
reaching 8 inches, and some consisting of thin calcareous 
plates .. ;.... ... . . .. . ..... ......... . ... .. ............. 12 
3. Limestone, close, granular, slightly harde~ and more ,brittle 
than typical Anamosa stOlle, in even, horizontal courses 
from 6 to 20 and 24 inches in thickness, buff in color, with 
few cavities and smooth surfaced, including a foot or so 
of thinly laminated "flinty" limestone...... ...... ...... 14 
2. Limestone in layers from 2 inches, to 18 inches, semicrys-
taUine ............................................... 7 
1. Limestone in thin, gray, crystalline, calcareous plates.... 5 
Beds intermediate in' character between the Anamosa and 
LeOlaire , Qeds, 'supply an abundance of quarry stone. Small 
quarries have bee,n opened in' Liberty, Oleona, Butler, LeOlaire 
,and Pleasant Valley townships. 
These intermediate beds , are buff, nonlaminated, regular and 
heavy., They are generally highly vesicular, and often sub-
crystalline. ' A representative section may be seen in a small 
, quarry on the northeast quarter of section 1, in Liberty town-
(:;hip. Natu'ral ledges, 'aggregating twenty or thirty feet; ap-
pear along the gorge of the Wapsipinicon and show an earthy 
, dolomite in massive 'Qeds up to three feet or more in thickness. 
• 
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The stone is nonlaminated and is subcrystalline in places. The 
bedding planes are rough and cavities of considerable size are 
present. In Cleona township a quarry located on the north-
west quarter of section 7 shows the following succession: 
FEET. 
4. Limestone, magnesian, horizontally bedded, 'brown, semi-
crystaUi.ne, weathering into small chipstone, with one or 
two 6-inch layers more resistant . . ... " .. . . . . . . . . .. .... . 9 
ir. Limestone, magnesian, light gray, laminated, earthy, in 
pla{!es vesicular, more thinly bedded than llIbO've, passing 
in pllVCes into thin beds. This includes a distinct layer of 
buff magnesian limestone 1 foot thick........ . .. . .... 6' 
2. Limestone, magnesian, gray, irregularly ,bedded, thin-lay-
ered, weathering to small, sharp-angled chipstones . . .... 6 
1. Limestone, magnesian, brown, earthy, ocherous, in thicker 
beds than a,bove, partly cemented........ ... ........... 3 
Similar but less extensive sections may be viewed at numerous 
points in the northeastern townships. 
Devonian limestones have been quarried extensively from 
Pleasant Valley to Buffalo along Mississippi river. The most 
extensive quarries are located at Bettendorf east of Daven-
port and at Linwood near Buffalo. Several companies are op-
erating near Bettendorf, crushed stone being the chief product. 
The Grommoll quarry is located east of Bettendorf and ' south 
of the electric railway tracks . . The pit section aggregates ten 
to twelve feet. The upper six to eight feet is composed of a 
thinly bedded, brittle, white limestone while the lower four feet 
developed comprises heavier beds of gray to buff limestone. 
The upper beds in their entirety along with the spalls from 
the lower beds, are put through the 'crusher, while the lower 
beds supply some rubble stone. The stone is hoisted by ' der-
ricks and dropped directly into a Brennan crusher (Blake type, 
jaws in three parts working separately). The crushed product 
is elevated to a cylindrical screen and sized, the screened prod-
uct falling directly into storage bins from which it is loaded into 
cars. The output is used to a large extent locally. 
The LeClaire Stone Company has a plant just west of the 
Grommoll quarry. T,he pit has been opened to it depth of 
about twenty feet. The section is the same as the preceding, 
save that the lower beds are more important and furnish 'a 
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PLATE LII-Clark quarry, near Buffalo, Scott COU>1ty; upper view showing track-
age arrangementJS leading to incline, lower view showing irregular 'beds and 
large ,amount of shaly talus. 
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good grade' 0f rubble ' and ' 'some range stone. The beds are 
gray-blue in color and range from eight to sixteen inches in 
thickness. The' bedding planes are not 'very apparent. The 
plant is equipped With steam dd.lls, steam hoists, arid two 
Gates 'crushers. Both plants produce a superior grade of 
' crushed stone, and practically no stripping is required at 
either plant, . ", , 
At LInwood,: e'ast of' Buffalo and north of the railroad tracks, 
the Linwood Q)larry Oompany installed Ii crusher plant a few 
years, ago and is producing crushed stone only. 'The pit shows 
much shattered beds of white to shaly limestone. In places 
' the colorbf the stone is somewhat variegated. The plant is 
equipped with a Blake crusher and a number 5 Austin crusher, 
and the necessary trackage and derricks'" : A small amount of 
rubble is produced; 
A crusher plant was ' opened some years ago just west of 
Buffalo on the ' Olark farm. " The stone developed is similar to 
that at Linwood but appears. to be less shaly. The plant is on.e 
of the iargest. in the state, having ,a capacity of 100 yards per 
~our, aJ;ld' is eqniI>ped with ,a .n~b~r.71!2 and a number 5 Austin 
Grusher. The plant is well housed and is supplied with a .full 
complement of up-to-date machinery. The stone is loosened by 
drilling and heavy. charges of dynamite. Oompressed air is 
used in drilling. The stone is loaded into cars having a capacity 
of two yards and drawn by a rope up an incline to the crusher. 
Most of the output is taken by the Ohicago, Rock Island and 
Pacific Railway for ballast. ' 
The Wapsipinicon stage of the Devonian has produced and is 
capable of producing some very good dimension stone and 
, dressed stone, especially rock-faced ashlar. Trinity church, 
Davenport, is an example of the stone obtained from the upper 
Davenport be'4s, while the cathedral of the Protestant Episcopal 
church was built from stone obtained fr:om the Lower Daven-
port beds. ' 
The Middle Devonian . beds as represented by the Oedar 
Valley limestone, are \ for the . most ,part. too' argillaceous . to 
afford building stone of good quality. Several ' Q~ : t4@ lQ:wer 
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layers furnish stone of fair quality and several quarries' have 
been opened to develop them, the most important of which are 
located near Buffalo. One . of the most extensive quarries is 
located on the southwest quarter of section 13, Buffalo town-
ship. The beds worked are as follows: 
. FEET. 
2. Limestone, hard, gray, subcrystalline, fossiliferous, ' in hori-
zontal layers ranging from four to nine inches in thick-
ness ........ . .. . . . . . .... .. . . ............. ... . .. . . .... 7 
1. Limestone, argillaceous, .blue weathering buff, upper nine 
feet highl'y encrinal, main joints run north, 35 degrees 
east and do not continue upward into number 2.. . ..... 14 
The other quarries of the township present very similar sec-
tions. Most of the stone quarried was used for river improve-
ment work by the government. Some has been used for road 
work and rough masonry. 
SHELBY COUNTY. 
SAND AN D GRAVEL. 
,Shelby county is wholly within the loess-covered Kansan 
drift area. The Nishnabotna is the most important stream and 
flows in a wide valley across the county from north to south. 
This stream is in its meander stage and has done but little 
work in sand and gravel accumulation. The subloessial sands-
have been exploited from time to time in the vicimty of Harlan 
on the east bluff of the river. The sands are of the usual 
ehar,acter, are fine-grained and carry considerable clay, and 
are all highly iron-stained. Formerly some coarser material 
was obtained from a pit on Elk creek two miles north of Kirk-
man along the Harlan branch of the Chicago and North West-
ern Railway. Small quantities of sand are obtained from some 
. of the creek channels, but the bulk of the sand and all ·of the 
gravel is shipped in from the Platte river in Nebraska, Rac-
coon river in Des ' Moines and vicini~y, and from near Lanes-
boro in Carroll county, 
Nishnabotna river has remnants of a terrace from Harlan 
to Oakland, in Pottawattamie county. A brief description of 
this, together with a generalized section, is included in the 
report on that county. 
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SIOUX COUNTY. 
SAND AND GRAVEL. 
Sioux county is well supplied with gravel and sand deposits. 
There is an almost continuous terrace along Big Sioux river 
entirely across the county, which affords enormous quantities 
of water-deposited mate:rials. Rock and Floyd rivers and other 
smaller streams also have gravel terraces. 
Some of the streams have cut through the veneer of loess, 
which covers · the whole county, and have in many places ex-
posed gravel and sand which are of much importance locally. 
Sand and gravel bars in the streams also furnish large amounts 
of road and concrete materials. 
Terrace Gravels.-So far as terrace gravels are concerned, 
the Big Sioux is the important stream of Sioux county. There 
is an almost continuous terrace along · it entirely across the 
county. 
Beside' the road at the southwest corner of section 9, Settlers 
township, is an exposure of old iron-stained gravel underlain 
by sand. The pebbles are very much decayed, and the whole 
is deeply iron-stained and firmly cemented throu~hout. This 
is some forty feet or so above the river. Two or three hun-
dred yards southwest of the schoolhouse a gully some ten feet 
deep has exposed practically the same material. In the latter 
place the top of the gravel is perhaps fifteen or twenty feet 
above water. This gtavel is in every respect the same as tha;t 
seen along the Big Sioux throughout its ·course in Lyon county 
except that here there seems to be a larger proportion of sand 
and that the classification is more complete. The river has 
cut down through the old gravels and left a bench, on the 
edge of which the exposure in the road noted' above · is located . . 
The latter exposure is right in the present flood plain, and the 
gravels are covered by three to four feet of alluvium. A short 
stretch of road north of the schoolhouse has been surfaced with 
. this gravel, and is in excellent condition . 
. From Beloit to Elm Springs the terrace is almost continuous 
and will average a quarter of a mile or more wide. Other 
558 ROAn AND CONCRETE MATERIALS IN IOWA 
than the exposure at the ' southwest corner of section 9, there 
are several localities between that point and Elm Springs which 
show the same material. In the upper " bench the gravel is 
covered to a depth of · two or three feet, and in the flood plain 
of the river the covering over the gravels is on tlie whole 
perhaps a little deeper. 
On the "east bank of the river just south of the southwes~ 
corner of section 25,' Settlers township, the Big Sioux has cut 
back into the high terrace, here forty feet above water, a"ud 
has exposed the full depth of the terrace gravels. The lower 
limit .is marked by a spring line twenty-two feet above water 
level, leaving eighteen feet as the depth of the gravels. The 
section shows all" sorts and sizes of material from coarse sand 
up to bowlders more than .a foot in diameter slumped in helter-
skelter .. The whole is deeply iron-stained and the large granite 
bowlders are in an advanced stage oJ decay and fall to pieces 
with a light stroke of the hammer. This material corresponds 
in every respect to the gravels which are exposed so often along 
the river in Lyon county and thus far in Sioux~ 
Practically all of section 36 and half or more of section 25 are 
on the pench in which these gravels occur. But near the middle 
of the west side of se(ftion 25 a gully some eight or ten feet deep 
has failed to expose gravel. Its walls exhibit nothing but a loess-
like substance which gr~des downward into a rusty material 
which is half clay and half sand, and rests upon blue c~ay. This 
" is in the same bench in which the gravels occur farther south. 
East of Hudson, South Dakota, on the Iowa side, is a wide 
plain at the junction of Big Sioux and Rock rivers. This plain 
has an area .of nine or ten square miles and is perfectly level 
between the flood plains of the two rivers. The Ohicago, Mil-
. waukee and Saint Paul Railway has a pit on this terrace in the 
southwest corner of section 8, Garfield township. This opening 
shows: . 
FEET. 
Soil and alluvium ..... . .... . ................. , ...... , . ', , , , " 1-2 
Gravel, medium; few pebbles over 1 inch diameter; very clay~y 
above and iron-stained below; sand layers of varying thick-
ness interbedded; horizontally stratified"" ' .' , " , , " , . , , , , , 4' 
Gravel, v'ery coarse, pebbles ranging up to 1 foot or more in 
diameter, exposed ".,", . ,', ... ,,"""'.,',', . "",',' " 5 
) . 
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This gravel is being removed by a steam shovel ~nd is used 
for ballast, as mu~h .as a hundred cars per day h~ving been 
taken out. Water is reached at the bottom of the present open-
ing. These same gravels may be seen in a shallow road cut in 
the center of section 17, Garfield township, just on the edge of 
the terrace where it has been cut down by Rock river. 
It is highly probable that the whole of this area is underlain 
by these gravels. Except for a hill ·a quarter section or so in 
extent in the middle of section 8 the surface is perfectly flat and 
the problem of opening the gravels is an easy one. These are 
not the same gravels as are found in the Big Sioux terrace as 
seen so far, but ,correspond more closely to the deposits along 
Rock river. 
At Fairview, on the Dakota side of the river between Hudson 
and Elm Springs, is a pit which·has been worked by the railroad. 
It is not now being operated, but large quantities of surfacing 
material have been removed in the past. 
Between Hudson and Hawarden the river terrace is not at all 
prominent. In only a few places is the gravel visible, and then 
the exposures are far from being satisfactory. Three miles 
north of Hawar<;len, where the bench can be observed most , 
closely, it is covered with several feet of alluvium. . 
In and about Hawarden the terrace gravel has been opened in , 
many places. Two pits in the northw~st part of town exhibit a ' 
section as follows: 
FEET. 
Soil, sandy ... . ... . . .. . .. ... . ........ . . . .... .. .. ... .. . .. ... . 2·3 
Gravel, fine, interbedded with coarse sand; roughly stratified 
and somewhat cross,bedded . . .... . ... .. ......... . ......... 3 · 
Gravel, fine above, grading into coarser ,below;pebblel:! up to 2 
or 3 inches in diameter ; somewhat iron-stained. :.. .. . ... 2-3· 
Coarse sand and fine gr.avel intermixed and cross-bedded . . . . . . 3 
Coarse gravel to bottom. 
This detailed section was taken in the Briggs pit. The rail ~ 
road pit just adjoining, which is worked occasionally, shows the 
same materials. Except for some iron stain which occurs prac-
tically all t)1rough the section, the gravel is clean .and bright. The 
pebbles ~re principally greenstone, quartzite and granite, and " 
, , 
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are hard and fresh. Road material has been taken from here, 
and gravel is now being used for concrete. 
Some of the material stripped from the top of these gravels 
has been used on the streets in Hawarden, and a more abomin-
a ble road stock could hardly be conceived. Many of the streets 
are so dusty in summer as to be hardly passable, and the sur-
face is very soft. Some of the streets have been surfaced with 
gravel and are in good condition. 
Along Rock river in Sioux county the same terrace as noted 
in Lyon county continues. A small abandoned sand pit near the 
northwest corner of section 15, Garfield township, shows about 
three feet of fine, clean sand and gravel, covered by two feet of 
alluvium. There are perhaps a hundred acres in this portion 
of the bench. Along the river in the northwest corner of section 
10, Garfield township, some two ' or three hundred · yards south 
of the railroad bridge, fine gravel and sand may be seen in the 
river bank. Fully two feet, and probably more, are exposed 
here under two feet of alluvium. The top of the bank is some 
twelve feet above the water level. 
Fine gravel and dirty sand are to be seen on the nOJ:th side of 
a small creeJr at the northwest corner of section 2, Garfield 
township. A litle farther north, along the road between sections' 
34 and 35, Sioux township, is an opening in the bench showing: 
FEET. 
. Gravelly soil ...... . . . ........... .. ... . ...... : ... . .... . ..... 2 
Gravel and sand, becoming fine'r 'below . . . ..... . .. . . . .... . ... , 3-4 
This portion of the terrace probably corresponds to the one 
of mucl?- larger extent just east of Hudson, and has an area here 
of some two hundred acres or so. 
The terrace continues very much the same on to Rock Valley, 
which town is situated almost wholly upon it. An exposure in 
the southwest part of the town at the edge of the creek and north 
of the main line . of the railroad shows some ' six or eight feet of 
very fine gravel grading into sand below and covered by two 
feet of black soil. Practically this s·ame material is found in 
excavations for cellars, etc., in Rock Valley. The depth of the 
allu'Vial covering is as high as five feet in places. 
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Between Rock Valley and Doon in Lyon county the same fine 
gravels are ~xposed in many places. The coyer of alluvium · . 
varies in depth, which is as high as ten feet in places. The 
gravels grow coarser up the river, I as might be expected from 
their manner of deposition. 
Floyd river affords gravel for road and concrete purposes 
throughout all of its course in Sioux county. A more or less 
continuous terrace some twenty feet above water level in the 
Floyd can · be followed most of the way, and is particularly 
prominent between Hosper and ·Alton. The largest opening 
in this .terrace is at the former place, where sand and gravel 
are being used for cement products. The section here shows 
clean, fine· gravel and sand, stratified horizontally, lying beneath 
a cover which varies in depth from zero to three feet. The top 
of the terrace is fifteen to eighteen feet above the Floyd, and 
there are twenty to twenty-five acres in the bench in which the 
pit is located. 
Both north and south of Hosper along the river exposures of 
this same bench gravel may be seen. A few places at which 
openings have been made are in the middle of the west side of 
. section 23, near the northeast corner of section 27, and where the 
river crosses the north line of section 34, all in Lyon township; 
jn the southwest corner of section 9, the middle of the east side 
of section 17, at the intersection of the river and the north line 
of section 29, and near the southwest corner of section 30, all 
in Floyd township. At the bridge on the east line of section 35, 
Floyd, township, is a small open pit which furnishes gravel 
and sand for the neighborhood. This exposure shows inter-
mixed and· interbedded sand and gravel which correspond quite 
closely to the beds exposed at Hosper, described abo~e. Another 
very similar section may be seen just east of the bridge in the 
north edge of Alton. . 
South of Alton to the county line the pronounced terrace which 
is so m,uch in evidence northward toward Hosper is not at all 
eonspicuous. There are several openings of gravel in this vicin-
ity that will be discussed under another head. 
36 
.. 
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Other Stream Gravels.-Along some of the . streams in Sioux 
county may . be found exp~sures of gravel which quite certainly 
are not of Wisconsin age, yet whose exact location 'stratigraphi-
cally ~s a disputed question.. Mention has been made of certain 
deposits in northwestern 0 'Brien county called morainic by 
Macbride. . Gravels that may correspond to these have beEm 
opened in several places in the vicinity of Alton. ' Excellent sec-
tions of these gravels may be seen in two pits in southwest 1 
and southeast 2 of Nassua township, naIf a mile southeast of 
Alton. In the former place are exposed ten to eleven feet of 
usable gravel and sand, well interbedded, but not cross-bedded. 
The sand element is predominant . The cover is loess or wash 
and varies in depth from two to six or ~ight feet . There is a 
considerable amount of clay in the upper' beds, but the lower 
appear to be composed of clean and sharp sa~d and gravel. The 
beds as a whole maintain a vertical face with but little sliding, 
being in places quite firmly cemented with calcite. So stable are 
the beds that swallows have built nests in burro'wings in the 
upper portion. Large bowlders, even up to one and a half and 
two feet, not in great numbeTs~ but plentiful, are sprinkled here 
and there throughout. Quartzite is common among these. 
Very similar material may be seen in a bend of the river in 
southeast 15, N assua township. At this place the loess covering 
is as much as ten feet deep in places. 
Gravels occurring along the West Floyd and the upper reaches 
of Six Mile creek, north of Ireton, seem to come unde~ this cate-
gory. They possess the same general characteristics as those 
me·ntioned above. In almost every case the deposits show fine 
gravel and sand of varying degrees of purity grading into more 
or less clean~ sharp sand below. Deposits of this kind may be 
seen in southwest 17, west 20 and southwest 19 of Center town-
ship, and in several places along the West Floyd west of 
. Maurice. 
In relatIon .to these latter gravels, Prof. I . A. Williams re-
m.arks, ." The gr:avels certainly bear no relation to any recent 
stage of the strea~s, except as the latter have gratuitously and ' 
fortuitously called attention to their location, and in places 
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partly uncovered them, in their meanderings. They seem to be 
well developed portions of the beds that quite universally under-
lie the loess in Lyon 'and Sioux counties into which the streams 
have cut." 
Reworked Materials.-Along the Big Sioux are many sand 
and. gravel bars much the same as mentioned in Lyon county. 
Perhaps the one of prime importance is that at the union of 
Dry creek with the Big Sioux at Hawarden, now being worked 
by the Hawarden Sand and Gravel Company. This company 
has a lease from the Government on a big bar, in which perhaps 
eight or ten acres are still workable. The sand and gravel, which 
will average about eighteen feet deep, are removed by means of 
a centrifugal pump. 
The waste product obtained by screening and washing the 
"pump run" would make an excellent road material. 
There are also bars of various sizes along Rock river and 
some other streams, but none of these are really important. 
STORY COUNTY. 
'SAND AND GRAVEL. 
The sand and gravel deposits of Story county are of the two 
classes found so generally in those counties covered by the Wis-
consin drift, .viz., stream terraces and pockets in the drift hills. 
The former appear along Skunk river, its leading tributary, 
Squaw creek, and Indian creek. Gravel-bearing knobs are most 
common in the vicinity of the Altamont and. Gary moraines. 
Stream Terraces.-" Contemporaneous with the heaping up 
of glacial debris at the end of the ice were certain streams is-
suing from the melting ice. These surc:harged streams were 
competent to carry coarse sand, gravel and even bowlders of 
small size, which were redeposited over the flood plains of the 
then existent streams in their lower courses. These gravel beds 
and bars have been removed in part since the retreat of the ice, 
and broad benches or terraces are the result. A system of ter-
races has its beginning at the Walnut creek moraine (a series 
of morainal hills marking a temporary ihalt in the retreat of the 
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Ice). Cambridge, ',on' Skunk river, and , Maxwell, on Indian 
creek, are built, on terraces belonging to this systym, and attain-
ing heights of twenty-five and twenty feet above the flood pl,ains , 
of the respective streams. 
"Terraces continue northward on East Indian creek to the 
three forks in ' sections 13 and '14 in ' Nevada township, where 
they have a ' height of twenty-five feet above the flood platn and 
are composed of very coarse materia.ls; much coarser than at 
, MaxwelL ' The equivalent terrace, was not recognized on the 
west fork of the Indian. 
, "Along the Skunk the Walnut creek terrace may be traced 
northward to the creek 'Of the same 'name, where it is super-
seded by a younger terrace, the contemporary of the Gary mo-
FIG, 54-Gravel pit, Skunk river terraCe near Soper's Mill, Story county. 
raine. (The Gary moraine represents a similar halt to that 
which formed the Walnut creek moraine, and is younger than 
the latter.) ,The gravel train produced by the Gary reaches its ' 
maximum development, both areally and v~rtically, in t,he vicin-
i~y of Ames along both Skunk river and ~quaw creek. At 
Soper's mills the Gary terrace rises t'W~'nty fep,t above the flood 
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plain; at AIne.s it rises thirty feet, after which it grades down 
gradually to ten feet in southern Grant township, and finally 
merges into the Walnut creek bencfu. 
"The towns of Ames and Cambridge are built on gravel bars 
located at the confluences of Squaw and Ballard creeks respect-
ively with Skunk river. Records of wells put down at these 
points show a series of sands and gravels separated/by heavy 
beds of clays and silts." 
At Maxwell and at Ames the terrace gravels were formerly 
developed by the railroads, but these pits are now abandoned. 
Stream Channel Deposits.-Sand in every way suitable for 
building purposes and for .plaster is found in riearly all of the . 
stream channels. The extensive sand fiats along the Skunk 
furnish unlimited quantities of sand adapted to the rougfuer 
grades of masonry . 
. Morainal Gravels.-Away from the streams numerous knobs 
and kamelike aggregations furnish great quantities of material 
suitable for road making. Sand usable for building purposes 
may also be found in these knobs, which are often prominent in 
the morainal regions of the Wisconsin. 
STONE. 
Story county is poorly. supplied with stone· suitable for struc-
tural purposes. The Saint Louis limestone affords a limited 
quantity of stone adapted to foundation 'Work and use in the 
rougher grades of masonry. The rock is, as a rule, highly ab-
sorbent and does not stand frost welL Its earthy buff to gray-
buff color gives it a dull, somber appearance whlch increases 
rapidly on exposure on account of the readiness with which it 
takes up foreign matter. Some quarrying has been done at 
nearly every one of the outcrops in the county, though in no in-
stance does the annual .output of any single quarry exceed a few 
dozen cords of rough stone. The ledges developed are practi-
cally the same at all points and are confined to Skunk river 
between Bloomington and Soper's mill, and to Onion creek, a 
. . 
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, FIG. 55':'-Representative s 'ection of Saint Louis limeston e, as it appears along 
Onion creek, about four miles .northwest of Ames, Story county. 
; tributary of Squaw creek, ,northeast of Ontario. The section ex-
. posed north of Hannom's mill may be considered a fair average 
for the Skunk river district, and is as follows: 
FEET. 
6. Till, pale yellow; unoxidized and unleached. . ............ 0-6 
5. Till, oxidized tOo a deep reddish brown and thoroughly 
leached: much weathered limestone and many decayed 
granite ,bowlders, and ;n.ume,rous, tolerably fresh green-
stones present ... . .. ... .............. . ...... " . . . . . . . .. 1-3 
4. Limestone, residual; reduced to an iron-sta!ned, cavernous 
chert ..... , ... . ... ; .............. . .. .. . ,' .. . , . . ' . ... .. ... 1 
3. Limestone, arenaceous, where unaltered, a bluish gray, but 
weathering stains it a yellOowish brown; not thoroughly 
indurated, though when unweathered presents a massive 
appearance .............. . ...... ...... .. ....... ... . ... 5 
2. Sandstone, bluish gray; shaly, presents a fissile character 
, after being exposed to . the weather, and forms a marked 
reentrant in the quarry face. . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
1. Limestone, impure, buff to earthy yellow, gray,buft: when 
unweathered, heavy-bedded, comp.act; lithographic in 
part, chief quarry stone; eXllosed.. ........... . ..... . ... 8 
, , 
At .the Bloomington quarries more of number 1 is . exposed. 
' Several outcrops of the Saint Louis may be observed along 
Onion creek in section 32, Franklin township. - The beds exposed 
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~ttain a maximum thickness of. nearly thir:ty fel;lt, but are less 
constant in character than their equivalents along Skunk river.' 
'A composite section representing the district is as follows: 
• I. I 
FEET. 
7. Drift and soil of variable thickness, in places reduced almost 
to zero, but thickens greatly in the .bluffs ............. . 1-70 
6. Limestone, thinly be{ided and much weathered, stratification 
'pLanes -almost entirely eliminated; in places grading up-
ward into a residual clay .. ............... . .......... .. 4 
5. ~imestone, impure, yellowish brown or gray-brown, compact 
to earthy, heavy-bedded . ... ................... ;. .... . .. 7 
4. Limestone, finely arenaceous and marly, con.tains beautifully 
preserved mud cracks and ripple marks in places .. :.. . 2 
3'. Sandstone, white to bluish gray, friable; obliquely lami-
nated' and fissile; readily undermined by the creek; not 
persistent .. ............. '.' . . .. . . . . . . . . . . . . . . . . . . . . . . . 1% 
2. Li~~st~ne, cherty and concretionary; ' contains much limon-
. 1 tIc lron ....... .. , .... . ;., . .................. .. . , .... 2 . 
1, Sandstone, argillaceous; 'becoming shaly below, exposed.. 3 
Number 5 is the principal bed quarried, ~nd the rock is simi.~ 
lar to that in the Hannom's milt' and Bloomington .quarries. All 
of the stone, exposed in Story county is too s6ft for road work 
and is of 'rather poor quality for concrete. T,he outcrops are 
not . numerous and the overburden thickens rapidly from the 
face of the ,crops. : The outlook for :th,e cotmty as Ii crushed stone 
producer is . not enco\Iraging. . 
TAMA COUNTY. 
SAND AND G'RA VEL. 
In. sharp contr:ast with the counties which border it, Tama 
county i,s . practically devoid of gravel. Even the Buchanan 
gravels, which have a more or less prominent development in 
some of the neighboring counties, are not known to occur in. 
rrama. On the hill slopes in a few places there are thin sheets 
of bowldery gravels overlying the Kansan till which simulate 
the Buchanan gravels, but these in no place are of sufficient im-
portance to constitute workable deposits. Beds of this kind 
may . be seen along the roadside between sections 13 and 14, . 
Highland, and between 19 and 20, Howard townships. ' 
The channels of all the larger streams of the county are bor-
dered by a wide belt of alluvium. Excavations in the flood plain 
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of Iowa river reveal about four feet of dark colored, fine-grained 
soil at the top resting upon a bed from twenty to upwards of 
thirty feet in thickness composed of yellow clay, sand and 
gravel. This bed rests upon the bowlder clay of the Kansan 
' drift. The bottom lands of Iowa river in Tama county have 
a. total area of almost a hundred square miles. Large quantities 
of sand ,suitable for :building purposes are taken annually from 
the sand fiats in and along the channel of this stream. ' 
There ~re a few small patches of g~avel, but'they are of no 
economic importance. Gravel two or three feet deep and cov-
ering an area of perhaps forty square rods is present on the 
farm of 'Frank Lewis, three-quarters of a mile northwest of 
Butlerville. About five miles east of Clutier, in southeast 13 
of Oneida township, there is about an acre of land uncultivated 
because of gravel. There are no deep pits here, but the soil 
is gravelly to a depth of one or two feet. A quarter of a mile 
,east of this there are terrace gravels in small quantities, and 
there is also some terrace gravel in the east part of section 
24 of the same township. On the farm of Benjamin Lorenzen 
in the latter section there are some fifty square rods unfit 
for cultivation because of the presence of gra.vel. Similar 
water-laid material is reported three and one-half miles south 
of Traer, in Perry township. 
STONE. 
While the Kinderhook beds are believed to lie immediately 
beneath the drift over practically the entire county, outcrops 
are limited to a comparatively small area along the middle 
western border. 
Essentially the sam,e members which have been noted in the 
better sections at Quarry and LeGrand in Mars~all county are 
exposed in Tama county, but in Tama they are more ' weath-
ered. The Stevens quarry near the southwest corner of section 
8 of Indian Village township, about one and one-fourth miles 
west of Butlerville, may be taken as fairly typical. The section 
is as follows: ' 
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FIG. 56-View in the Stevens quarry in section 8, Indian Village township, Tama 
county. The thin layers at the ' v e ry top are limestone and admirably adapted 
for r,oad and concrete work. The white, massive beds bcl<ow comprise the 
oolite. 
STEVENS QUARRY SECTION, · BUTLERVILLE. 
FEET. 
15. Gray crinoidal limestone which weathers into thin pieces. . 1 
14. Crinoidal limestone, gray in color, with .numerous fossil 
fragments ....... . ......... ... .......... . ....... . . . .. .. ~ 
13. Fissile limestone in thin layers, few fossils .. .. . . .. ... ; .. 4 
12. Brown magnesian limestone with layer of chert nodules 
two inches in thickness at the top. . ............... . .. · %, 
11. Bed of r,ather soft, friable sandstone, much water-seamed 
and containing numerous chert nodules, fossils few. . . . . . 7 
10. Arenaceo-magnesian limestone, fi·ne-grained and quite hard, 
·brown in color, layers 8 to 12 inches in thickness; con-
taining casts of a species of Chonetes, Productus, Rhyn-
chon ella and Spirifer ........................ . ·....... . . 4 
9. Bed of incoherent, brown, fine·grained sand . .. ... ..... .... 1];6 
8. Band made up o·f chert nodules . . .... . . .. '. . . .. .. .. . .. .. .. V3 
7. l mpure arenaceo-magnesian limestone, few ~ossils ...... .. 1'/'2 
6. Bed composed largely of nodules of chert carrying .a layer 
of sand, 3 inches in thickness. .. .. ... . .. . . . .... ... ... 1 
5. Magnesian limestone containing some fine·grained yellow 
sand . . . ..... .. ... .... .. ..... .. . ........... . .. .... .. .... 1~ 
4. Bed similar to number 5 above.. ... ... . ................. 1% 
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3. Layer of massive oolite weathering into small bits and bear· 
ing numerous . fossils among which appear Orthothetes 
crenistra. Spirifer biplicatus, Spririter ct . extenuatus and 
FEET. 
Straparollus latus ..... . ............... . ...... . . .. .... 7 
2. Layer similar to number 3 :iJbove in lithological characters 
and fossil contents .. . ........ " ....... : . . . . . . . . . . . . . . . 4% 
1. Layer of, light gray oolite similar to numbers 2 and 3 above 3 
The oolite rests on the argillaceous sandstone exposed · in 
other sections in the vicinity and at the base of the northeast 
quarry at LeGrand. The beds here exposed correspond to thEl' 
eoarse- and fine-grained oolite and the magnesian limestonEf 
beds of the Marshall county sections. . 
West . of Montour in the ' southwest corner of section '21, In~ 
dian Village township, there are exposed in a small ravine: 
" I 
FEET. 
3. Rep.dish brown clay,. pebbly. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
2. Oolite, light gray, fossilifer ous.. . ..... . ... . . . . . . . . . . . . . . . . 6 , 
1. Oolite, similar in ervery respect to number 2 above. . .. . . . . . . 3¥.i 
This is the abandoned quarry of the Oxford Lime Company .. 
The oolite was formerly used in the manufacture of lime and' 
considerable quantities were made at this place. 
Other sections appear along Iowa river toward LeGrand,. 
; and along Sugar creek in Carlton township and Deer creek in 
Spring Creek townsimp. No new facies are presented. 
The upper limestones wherever exposed furnish good ma-
terial for road and concrete work. The oolites, on the other 
hand, are not satisfactory for crushed stone products. 
TAYLOR COUNTY. 
SAND AND GRAVEL. 
Taylor county lies wholly within the loess-veneered Kansan 
drift area and contains no large streams, nor streams of suffi-
cient length to head back into the Wisconsin drift. As a con-
sequence,. the county contains but little sand and gravel. A 
small quantity of sand occurs in the stream channels but not 
enough to merit specific mention. The interglacial gravels 
are as a rule completely concealed by ' the loess and are of no 
consequence for road and concrete work. 
f 
UNION COUNTY 
. STONE. 
There seems little, likelihood that the quarry interests of 
. Taylor county will ,attain any important development. The 
county 'is universally covered with glacial materials, and the 
underlying strata, where they do appear, consist larg~ly of 
shales and sha1y limestones. Stone has been quarried at but 
one known point in the county, viz., at Bedford. It is twenty . 
years since this quarry was worked alfd the ledge is ,almost 
-entirely hidden from view. The stone was taken from ab01:it 
water level in East Hu,ndred and Two creek at ~ point 100 
yards north from the railroad station. The main ledge is 
about ten inches thick and cont,ains abundant Fusulinre. It 
splits vety easily and is said to go to pieces in the weather. 
These qualities, along with the thick overburden, which runs 
twenty to tlhirty feet, have prevented its use. 
Thin beds of limestone have been exposed in the banks of the 
Nodaway in the northwest corner of Dallas township, where 
they occur inter stratified with much greater thicknesses of ar-
gillaceous strata. A ' detailed section may be found in Geo.logy 
of Page Co'unty.* The factors just enumerated would prevent 
the utilization of these beds for structural purposes. The drift 
.~overing is more than ten feet in thickness, and the calcareous. 
strata 'are of poor quality. 
UNION COUNTY. 
SAND AND GRAVEL. 
Union county has sand apd gravel deposits of two classes, 
viz., the Aftonian gravels, which underlie the Kansan drift 
and are numbered among the oldest of the Pleistocene deposits, 
and the recent accumulations of sand as banks and bars in the 
streams. 
Aftonian Gr,avels.-The Afton:ian gravels, so nameq. be,cause 
they were first recognized and studied at Afton Junction,. con-
stitute the most important resource of road materials within 
the county. This deposit lies immediately beneath the Kansan 
·Samuel Calvin, Iowa Geol. Survey, Vol. XI, p. 423. 
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drift and, in one place at least, rests upon the limestone , of 
the Missouri stage. There are three prominent exposures of 
this gravel-bearing horizon in Union county: one at Afton 
Junction, where it was first studied, one at Thayer, and one 
at the ford in section 36 of Pleasant township. 
The exposure at Afton Junction is a pit opened by the Chi-
cago Great Western Railway and long since abandoned. The 
gravel, is deeply iron-stained and badly disintegrated, and 
shows all the signs of ,advanced age. 'Granite bowlders as large 
as a man's head may easily be crushed in the hands, and the 
quartz pebbles are stained a deep red-brown. All sorts and 
kinds of pebbles may be found, granite, greenstone, limestone" 
quartz, gneiss, and these are in all stages of preservation. In 
many places the pebbles are so firmly cemented together as to 
form a conglomerate which may be broken with a hammer 
only with difficulty. Pebbles larger than three inches in diam-
eter are common, but not numerous. Upwards of thirty feet 
are expo-sed, covered by twenty feet or so of bowlder clay, the ' 
open face being perhaps 100 yards long. Large quantities of 
this material may still be obtained' without further stripping, 
which latter operation would seem to be quite out of the ques-
tion. These gravels 'are unfit for cement or concrete work, 
. but will ' probably prove satisfactory for road surfacing. 
The opening at Thayer is also an abandoned ' railroad pit, 
and the materials have all the characteristics mentioned ab~ve. 
Here, however, the cover is deeper, reaching as mucfu. as forty 
and fifty feet in places, and not so much 1?aterial is still avail-
able. There is a sufficient amount for quite extensive local 
use, and it will doubtless constitute a valuable asset in highway 
improvement. 
The third exposure mentioned is not so large as either of 
the others. The maximum thickne.Ss is not to exceed twenty 
feet, and the lateral extent is but a few rods . The gravel 
rests on a gray-blue limestone, into which the river has ' cut 
its way, and is covered by at .least fifteen feet of drift. A 
. short' distance upstream from the ford two small streamlets 
empty into Twelve Mile creek. Between these is a :flat bench 
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perhaps twenty or thirty acres in extent, along the west edge 
of which these old gravels appear for some distance. Their 
position is marked by a definite spring line, and the gravels 
appear to be quite persistent. The cover seems hardly so 
deep here as at the other places mentioned. At this place 
the gravel contains a large percentage of clay, so much that 
if a little wet it can easily be packed into balls in the hands. 
Reworked Materials.-In many of the streams of Union 
county sand and gravel bars are quite common, and, for local 
purposes at least, constitute a readily accessible source of 
supply. Along Four Mile creek from Thayer to its union with 
Grand river beds of sand in the stream channel are common. 
This sand is, for the most part, somewhat dirty, but in places 
is clean and bright. It is quite generally used for cement 
work by residents of the neiglhborhood. 
In Grand river, particularly in its lower course in the county, 
sand bars occur frequently. . Beside the road near the middle 
of section 2, Pleasant township, is a large 'Qar which is used 
by 'the owner and his neighbors for cement work, but which 
has, however, been rejected as material for concrete bridges 
in the neighborhood. Farther up the river the bars contain 
increasing amounts of mud and silt. 
These sand and gravel bars are not at all important as 
E-ources of material for bridge and highway purposes, and 
practically all of these materials are shipped in. 
VAN BUREN .cOUNTY. 
,SAND AND 'GRA. VEL. 
All. of the sand and gravel deposits of Van Buren county 
are confined to Des Moines river and a few of its tributaries. 
' These occur both as terraces and as , beds and bars in the river 
channel and bottoms, the latter being of considerable more 
importance than the former. 
Stream Terraces.- The most marked development of terraces 
III the county is in the Keosauqua "ox-bow" in Des Moines 
37 
• 
• 
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.riv~r . In this area eight well-marked terraces have been de-
,termined, reaching up to an elevation of 145 feet above the 
.level or' the river. These are composed of sands, gravels and 
silts deposited by, the river, and mark the several phases III 
the development of the river valley as it now 'exists. 
Stream Channel Deposits.-Sand may be had in abundance 
'along all of the larger streams of the county. A short dis-
tance east of 'Farmin~on there is a gravel pit from which 
large amounts of ballast have been removed by the Burlington 
Railroad. The greatest depth worked is about eighteen feet. 
Of this, the top eight feet are coarse grav.el and the remainder 
a coarse beautifully cross-bedded sand containing some pebbles. 
Directly south of here is a second pit worked by the Rock 
Island Railway. The latter, which is twelve feet deep, was 
opened in 1878 and has furnished ballast for some twenty-five 
miles of track. 
STONE. 
Both the Upper and Lower Carboniferous series are repre-
'sented in the rocks of Van Buren county; the former by the 
Lower Coal Measures or the Des Moines stage and the latter by 
'the limestones of the Saint Louis, the shales and limestones of 
the Keokuk and the Montrose cherts of the Burlington substage. ' 
'Exposures occur chiefly along Des Moines river and its trib-
utaries, although a few outcrops of the Saint Louis are to bo 
seen along Cedar creek and branches, near the northeast corner 
of the county. 
The beds belonging to the several stages and formations bear 
the customary relations to each other. Between the Des Moines 
and the Saint Louis is a major unconformity and evidences are 
,to be observed of a break in sedimentation between the Saint 
Louis and the Keokuk beds.. A marked anticlinal with its crest 
at Bentonsport brings the Burlington cherts into view in the 
channel of Des Moines river between Bentonsport and Bona-
parte. A maximum of forty feet of these beds is exposed, but 
they disappear both to the north and south within narrow limits. 
:The Burlington consists of beds of chert with occasional bands , 
· . 
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of limestone or' cal'careous shale but affords in this county no 
quarry products. ' 
Keokuk Beds.-This member is exposed along the Des 
Moines from the mouth of Rock creek in Washington township ' 
' to the southeast corner of the county. It is found exposed in 
, only a narrow belt along the river, where it is usually overlain 
by the limestones of the Saint Louis. The formatIons belong-
ing to the Keo,lmk substage in Van, Buren county consist of 
the Keokuk limestone below, the Geode shales and, at the top, 
the Warsaw shales. C. H. Gordon writes as follows regarding 
the Keokuk limestone, its distribution and character: 
The Keokuk limestone makes its first appearance in the ex- ' 
treme southeastern part of the county on a small branch on the 
south side of the river. About six or eight feet are exposed, and 
quarried to a limited extent. The next appearance is at the 
mouth of Reed creek, where about ten feet of bluish gray lime-
stone, coarse, sub crystalline and mostly , thin-bedded, are ex-
posed. As the strata rise toward the west, lower beds come into 
view, and are seen well up in the bluff below Bonaparte, with 
nearly thirty feet of the Burlington chert beds below. The 
limestone has been quarried at several places here, but it con-
tains large quantities of chert. Much of the rock is also shaly 
and the bedding of the better quality of rock is quite variable. 
At Bentonsport at one time, quarrying was carried on quite 
extensively. The principal quarry bed is from five to eight 
feet above the base of the division and perhaps represents the 
same ledge as that quarried at Keokuk and there termed the 
"white ledge." The upper layers at the quarry are thinner. 
The horizon between the thicker and thinner beds is marked 
by a series of undulations of one of the beds remarkable for ' 
their regularity. The vertical interval of the undulations does 
not exceed ten inches, while the horizontal interval does not 
vary much from fifteen feet throughout the. whole extent 6f the 
quarry. On the opposite side of the river the rocks are well 
exposed for some distance up Bear creek, and show essentially 
the same characters as elsewhere in southeastern Iowa. * 
The limestone has been quarried at a number of points in 
the vicinity of both Bonaparte and Bentonsport but most ex-
"Geology of Van Buren County. Iowa, Iowa Geological Survey, Vol. IV, p. 211. 
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tensively at the latter place, where the following is the approxi-
mate section: 
FEET . 
. 7. ' Geode shales, at quarry face ... .. .. .. . ...... . . .. ... .. ... 10+ 
<. 6. :Argillaceous limestone, carrying much chert and some 
geodes ... ... .. . ........ . . ... .... . .................... 2 
5. Blue-gray limestone in thin ledges with interbanded black 
shale and numerous chert bands. " ... . .. .... . ... ....... 8 
4. Persistent ,bed,' blue, crystalline, fossiliferous limestone with 
. usually a band of chert ... ...... ',' . . . . . . . . . . . . . . . . . . . 1!;6 
.-
3. ' Calcareous, dark gray shale ................ " ... .. . .... . .. 1 
, ) 2. Heavy 'bed, de·an, blue-gray, coarsely crysta:lline .... :..... 1~ 
1. Calcareous shale. 
'.The quarry face is intermittently open in the bluff above 
the town for one-fourth of a mile. The base of the quarry is 
a~<?ut forty feet above water in the river and twenty feet higher 
thaJ;l . the railway track which runs at the foot of the bluffs. 
Numbers 2 and 4 only have been used, and these have furnished 
stone for bridge piers and riprap. The stone has not proved 
very durable in exposed positions. It is believed, however, 
that aU ' the beds might be used for crushed stone and the sit-
uation . is suitable for such an industry. The exposures are 
in general covered with the geode-bearing shales and heavy 
deposits of drift. 
Equivalent beds have been worked by the Ohicago, Rock 
Island and Pacific Railway Company, three-fourths of a . mile 
east of the ·town, but they are no longer used. 
In the vicinity of Bonaparte the Keokuk limestone is occa-
sionally. quarr.ied for local use. The following layers are to 
be' seen in the southeast quarter of the southwest quarter of 
section 9, Bonaparte township: 
FEET. 
3. Drift .................... .. ............................. 3clO 
.2. Limestone, blue, irreg].llar, thin,bedded ; intermixed with 
. layers of shale; fossiliferous, cherty . . . . . . . . . . . . . . . . . . . . 7~ 
1. . Limestone, blue, hard, cherty, thick-bedded, .main quarry 
rock; exposed ...... ...... ...... ' ,' ., . '" ..... , ....... ,. 6 . 
'Farther up Mack creek the fine-grained yellow limestone ap-
Pears and has been quarried at a few points. 
Gordon thus described the beds of the Saint Louis stag~ ~s 
. they ~ occur .in Van Buren county: * 
-Iowa Geological SUfvey, Vol. IV, p. 214. 
... ,r;,. 
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The Saint Louis limestone. constitutes the uppermost divi-
sion of the Mississippian, ... and has the greatest superficial 
extent of any of these members in Van Buren county. It is 
generally overlain by the rocks of the Des Moines stage of the 
Upper Carboniferous .. ' .. The maximum thickness in Van 
Buren county probably does not exceed ninety feet. 
In lithological characters the rocks composing the formation 
&hQw great variation. In general they present a three-fold 
division consisting of (1) brown arenaceous and magnesian 
limestone, (2) brecciated limestone, and (3) gray, compact, 
and granular limestone. 
Arenaceo-magnesian Beds.-The first of these is exposed at 
many places along the Des Moines and is especially well devel-
. oped in the' vicinity of Kilbourn and in the bluffs below Keo-
sauqua. It consists of fine-grained or vesicular magnesian 
limestone in rather heavy ledges, which grade horizontally into 
a more or less clearly marked arenaceous rock chara.cterized in 
places as a sandstone. A large percentage of the rock, how-
ever, is made up of calcareous matter, and hence it is more 
properly designated as an arenaceous limestone. It is well 
developed on Price and Bear creeks where it furnishes a very 
good quality of stone for building purposes, and Ihas been 
quarried quite extensively for plates and sills. This bed rep-
resents that quarried at Belfast and Keokuk. It c.onstitutes 
the upper member of the Warsa-w as originally defined. The 
drenaceous character is confined generally fo the lower part 
of the beds, .but on Bear creek as well as elsewhere, sand forms 
the larger part of the formatio+l. The magnesian limestone 
constitutes the most generally recognized phase of the division 
jn , the county. When first removed from the bed, the rock is 
of a blue or drab color, but it soon changes to a rusty brown 
by the oxidation of the iron which it contains. . .. The mag-
nesian rock ' occurs in thick, ' gently undulating beds, and is 
d.istinguished . by a more or less concretionary structure. . . . 
In places these beds 'are interrupted by the brecciated phase 
which in these instances is in direct continuity with that of 
the overlying bed. ,The thickness of the arenaceo-magnesian 
beds varIes from ten t? twenty-five, feet. . 
Brecciated Limestone is a widely 'recognized phase of the for-
1 mation in Iowa.. The bed is made ·up generally of compact.~Jld 
granular, gray limestones, in sh~r.p angular fnigments of 
various sizes cemented together by similar calcareous iQa~eri~l. 
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Near the mouth of Reed creek, the whole of an exposure sev-
enty-five to eighty feet in height shows brecciation. The lower 
portion represents the arenaceo-magnesian bed and is com-
posed of large fragments of this limestone with clay filling 
the interstices, while the upper part is made up of the compact 
and granular limestone more completely cemented. In the 
vicinity of Keosauqua, the upper portion of the bed contains 
more or less arenaceous material. This is well marked on 
the south side of the Des Moines above the town, where a brown 
sandstone ten to twenty feet thick replaces nearly the whole 
brecciated division and is overlain by limestone. Two or three 
miles below, the sandstone varies from five to twenty-five feet 
in thickness and rests upon the brecciated bed, while it is over-
lain by the compact limestones as shown in the bluffs opposite 
Keosauqua. 
Quoting again from Gordon: 
The sandstone at Keosauqua is decidedly calcareous in 
places, and sometimes includes irregular ledges and fragments 
of limestone .... The thickness of the brecciated division 
varies from nothing to seventy-five feet. In general, however, 
it may be said to be from ten to twenty feet thick. 
Compact and Granular Limestone.-Overlying the brecciated 
limestone in places, and the Keosauqua sandstone where that 
formation occurs, is a compact, fine-grained, gray limestone 
characterized by having a conchoidal fracture, concretions, and 
a-considerable number of fossils .... In some places the com-
pact limestone is replaced by a thin-bedded limerock with a 
marked granular structure often cross-bedded .... The lime-
stone of this upper division is well developed along Indian 
creek where the compact variety is quarried quite extensively. 
The thickness of the bed does not exceed fifteen feet. It is 
also quarried at Keosauqua on both sides of the river. 
As pointed out, the Saint Louis beds have been more exten- . 
sively quarried than the other formations of the county. Near 
Des Moines river in the northwest quarter of section 31, Lick 
Creek township, the Saint Louis beds were formerly opened 
up for quarrying. A few feet of the upper arenaceous lime-
stone has been' quarried at Kilbourn and at other points on 
Lick creek but all these openings have been long since aban-
doned. 
~ 
" 
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The white limestone has be~n quarried on Tihatcher'~ preek , 
on the southeast quarter of ~ectio:q. 2, alsQ ~m the southeast 
quart~r of section 1, Des Moines ,township: J" ust ~ast 9f the 
town of Keosauqua near the :p.o:rth ,edge P! ~eetion 31, twelve 
to fifteen feet of limestone ha~ l~mg been worked fQ!' foundation ' 
and rough building stone. ' . 
The Saint Louis beds hav~ b~~:q. 9P,ened up for local use ftt 
many places along, Rock cree~ i:q. Washingto:q. township. Gordon 
(page 220) ~ves the fqllowing ~ection 1'lt the mouth Pi Rock ' 
creek: 
;ROCK CREEK SECTION. 
FEET. 
Ii. ' Concealed ",., .. " ... : ., " , .. . . . , ... ,................... 5 
'5. Limestone, (:ompact, gray i breaking with conchoidal frac-
ture; contains abundant brachiopod remains .... ... " .. . ,6 
4. S<tndstone, prown, quartzose.,.............. . ........ .. ... ~ 
3, :r..imestone~ bre()ciated, well cemented.. . . . . . . . . . . . . . . . . . .. . 20 
2. Limestone, hard; 'blue, weathering brown; heavily bedded 
and concretionary; sandy at top, at base bluish and 
dolomitic in appearance ... , ....... " . . . .. .. ......... '" l~ 
1. '{)o)lcealed tq river leve'l , ....... , .................... .... .. 35 
T~'tal ............ .... ........ . .. . .. .... .. ... .. . ...... ' 84 .' ~ 
,Number 2 has been quite e:densively quarried here for the 
early river improvements. 
Northeast of Bonaparte on Mack creek and farther south on 
Re~d and Potter creeks, the sandstone and bro'Yll ;magnesian 
strata have been quarried for use in locks and dams in river 
improvement work. The beds worked on Reed creek afford a 
stone which dresses well and has be~n used also for caps, sills 
and for well and cellar walls. It is said to be much more dur-
able than the white limes:tone undtlr the same conditions. Un-
limited quantities of these strata are available along Potter 
and Reed creeks, where little stripping would be necessary and 
the quanies would be conveniently accessible to the railroad. 
The blue sandstone has been quarried for many years on 
Bear creek in section 11, and a more recent opening has been 
made by Perry and Isaac Davis in the northwest corner of 
section 3], Henry township. The section at the latter place is 
given herewith: 
, . , 
; • I ••• • i r ' 
586 ROAD AND CONCRETE MATERIALS IN IOWA 
FIG. 57-Davis quarry, west of Bentonsport, Van Buren county. Heavy beds of 
magnesian sandstone (Warsaw Sandstone). 
FEET. 
. . 
7. Drift, sand and graveL ................................. 2%-10 
6. Blue-gray "soapstone" shale with thin limestone layers in 
lower portion ...................... ...... .. ... . , . ..... ' . 6 
5. Arenaceous limestone, light brown to ' bluish.. . . . . . . . . . 2% 
4. Sandy blue magnesian limestone, "sandstone", solid ledge 
whil:h splits readily with chisel parallel to bedding; some 
chert near base. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
3. Irregularly bedded gray to blue, coarse-grained limestone, 
fossiliferous (-bryozoan abundant) . . . . . . . . . . . . . . . . . . . . . . 5+ 
2. "Soapstone," containing che'rt, to water in creek ... " ... , " . 1% 
1. White limestone reported to unknoW'll depth. . . .. . ... . . .. . . 1lh 
Number 6 is plastic 'and appears free from concretionary mat-
ter~ The maximum amount of stripping, about fifteen feet, is 
indicated in the section. Stone is shipped from this quarry 
but must be 'hauled to the railroad at Bentonsport. The s'and-
stone gives good satisfaction in walls, and dresses well for use : 
in more conspicuous and exposed parts of buildings. John . 
Gaston has a small opening in the same beds one-fifth of a mile 
south on the opposite side of Bear creek. 
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A good development of the "sandstone" occurs also in · the 
Price quarry on a tributary of Ohequest creek in the south-
west quarter of section 20, Van Buren township. 
Section six miles ~orthwest of Keosauqua along a small trib-
utary of Ohequest which enters the larger stream from the 
southwest: 
FEET. 
7. Drift and loess of variable thickness. 
6. Limestone, much weathered and siliceous, certain· layers 
weather shaly and are stained red to yellowish brown. . . . 2-4 
5. Limestone, blue-gray, evenly bedded and of uniform texture; 
very hard and tough, beds up to thirty incheS in thickness 4 
4. Talus slope. 
3. Limestone, gray, vesicular, coarser textured than number 5 
and fossiliferous, partially obscured 'by talus slope; thick-
ness not determined. 
2. Sandstone in heavy ledges, evenly bedded though beds are 
somewhat undulating; layers smooth enough to be used 
for dimension stone without tooling . .... ........... . . .. 10-12 
1. Shale, calcareous to arenaceous, blue-gray, yellow where 
weathered; said to become more shaly below the bed of 
the stream; exposed..................... . ............. 3' 
The sandstone beds range up to three feet in thickness, al-
though blocks more than two feet thick were not seen in any of 
the sections exposed. It has been used extensively for bridge 
work and other heavy masonry. This stone was used for the 
piers which support the wagon bridge across Des ¥oines river. 
It yields to any kind of stone dressing, is strong and with-
stands weathering influences well. Blocks ,put in walls or piers 
more tha:o. a half century ago still retain the tool marks, which 
appear to be as fresh as when the blocks were laid. On ac-
count of lack of ' transportation facilities almost no stone is 
quarried at the presen~ time. 
Tlhe Saint Louis limestone is well exposed all along Chequest 
creek from the middle of Ohequest township to Pittsburgh. · As 
indicated in the above two se~tions the lower portio:n of the 
magnesian limestone grades locally into a sandstone. 
The large proportion of the stone used in the southern part 
of the county has co:rp.e from the Indian creek quarries west of 
Farmington. Outcrops occur along this stream from near ,its 
mouth to the quarries on the line between sections 5 and 32 
. . . . /". '. 
of Farmington township. . The qua,rry , in section 5 is . n9w 
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FIG. 58-Saint Louis limestone exposed a long creek a bout three miles west of 
Farmington, Van Buren county. 
wqrked by Cyrus Falker and Mark Hornbaker. Lime burning 
~as formerly .done here. The strata now visible are ' given: 
FEET. 
8. Loess and drift.. .... . ...... . ... . ...... .. . ... .. ....... .. . 10+ 
7. Lifilestone, gray, coarsely subcrystalline, weathering to a 
friable condition ; thin shaly layer at base . " .... . . . " . .. 2% . 
6. Limestone, homogeneous and fine-grained, with conchoidal 
fracture 81bove ; coarser and ' more impure below; sepa-
rated into heavy l'edges, the upper one 18 inches thick; 
stone trave.rsed by seams of crystalline calcite which in 
general run vertically. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5~ 
5. Obscured ............. .. .............. . ............. . . . . 3% 
4. Soft shale, gray. . ... .. . .................. . ............. 4 
3. Limestone, heavy ledge; gray, compact, fracture conchoidal, 
irregul;arly shattered 'by we8lthering . ..... , . ... . . .... .. . 2% 
2. Alternating 'bands of light ;blue to brown limestone and slaty 
shale... . ....... . ............ . ... ...... ....... . ........ 2 
1. Thin-bedded limestone, to water . . . . . . . . . . . . . . . . . . . . . . . . . . . 3% 
Only the members above No. 5 have been used. The upper 
three .feet of No. 6 make a fair building rock. It is hard and 
weathers slowly. There is a corisiderable area on . both sides 
of the creek where the stone is available without an excessive 
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amount of stripping. The beds would afford a good product if 
crushed. The Chicago, Burlington and Quincy railroad follows 
Indian creek and would afford good transportation facilities. 
Section one and a half miles west of Farmington, south of 
coal chute of Chicago, Burlington and Quincy Railroad: 
F EET. 
6. Loess and wash, rather sandy. and iron-stained and mottled 
throughout ..... . ...... . .. . . . . . ..... . . . .... . .. . . . .. . ... 5-20 , 
5. Shale, d ayey, blue-gray .. . " ... .. . . . .. ... .. . . . " . , .. '. .. . . . 3 
4. Shale, arenaceous, hard, prOjecting ledge ; variable .. . . .... 1-2 
3. Shale as 'above . .. . '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,3 
2. ' Shale, arenaceous, forms a projecting ledge similar to 4, va-
, ria-ble . .. . .. . . . ... . . . ..... .. . . ........ . .. . .. . . . . ..... .. 1-2 
1. Shale, somewhat variable in t exture, varying from plastic 
and gritless to slightly arenaceous; as 'a rule becomes 
highly plastic on weathering ; evidently fissile, ,blue-gray 
to dark blue ;, occasional concretions and 'geodes present. 
Exposed ~bove ,creek channel about .... . . ..... .. .. .... , . ,8 
About one-half mile farther west 'a massive sand'stone appears 
in a cut" along tlie raUro'ad ' and below the railroad bridge the 
heavy-bedded sandstone 'm'ay be' seen resting on the shales. The 
undercutting of the creek has produced and is maintaining an 
escarpment. The bedding planes in the sand'stone are not ap-
parent and the beds in the railway cut appear to be disturbed. 
The sandstone and shales appear to be the equivalents of those 
exposed along Des Moines river ,below Belfast. ' (See plate 
XXIX, c, page 401.) 
Van Buren county is unusually rich in hard, compact lime-
stone suitable for crushed stone products. The county is not, 
however, very well equipped with transportation facilities, 
especially near the important stone crops. 
WAPELLO COUNTY. 
'SAN D AND GRAVEL. 
The gravel and sand deposits of Wapello county are of two 
kinds, viz., the Aftonian gravels which , underlie the Kansan 
drift, and bars and beds of sand in the channels of theprin-
cipal streams. 
Aftonian Gravels.-A few exposures of Aftonian gravels are 
present in the county. As a source of gravel supply this forma-
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tion ~s not co~mercia]ly important, but it will doubtless fur-
nish limited amounts for local use. This ferruginous and much 
weathered gravel, often partially cemented into a conglomerate 
(described in some detail in the report on Union county), oc-
curs at the base of the drift of the district and rests directly 
upon the Ooal Measures. It is well shown near the northwest 
corner of sec~ion 6, Oass township, along a tributary of South 
Avery creek. . Here the black shales are overlain by a very 
ferruginolls gravel and coarse, cross-bedded sand . . In places · 
the iron is sufficiently abundant to serve as a cementing ma-
terial, and a firm conglomerate or coarse sandstone is formed. 
The pebbles are mostly quartz and sandstone, but some are 
igneous in character, such as greenstone and granite. On North 
Avery creek in the southwest quarter · of section 26, the fer-
ruginous gravel is again exposed at the base of the drift, 
w:hich here has a thickness of six to fifteen feet. Still another 
locality where this deposit occurs is on Des Moines river just 
above Eldon. The gravel and sand at this place have a thick-
ness of ten feet. They rest upon the Ooal Measure s'hales and 
&re overlain by fifty feet of drift. 
Sand and some gravel is taken from Des' Moines river in 
Ottumwa and vicinity. The sand plants are located from one-
fourth mile south of the Milwaukee railway bridge to the prin-
cipal pit just below the west end of the Vine street bridge. 
The gravel is fin'e-grained, mostly sand, and the supply is 
renewed by;' the river. 
The Ottumwa Sand Oompany is operating a ,pumping plant 
(-ne-third of a mile below the Milwaukee railway bridge.> 'A 
75 H. P. motor is placed on a dredge in the river. The capacity 
of the plant is about 500 tons per day. The sand bed varies 
from three to five feet in depth. The quality is not quite so 
good as at the Vine street bridge. About one-fourth of a mile 
below the pumping plant considerable gravel is obtained ' for 
, local use. 
Large amounts of sand and gravel are being accumulated , 
ncar Ohillicothe and considerable quantities of sand have been 
- accumulated by the river between Ohillicothe and Eldon , but 
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these deposits are of less importance below Oliffland. At Eldon 
there is a large sand and gravel bar. 
There is a sand pit on the flood plain of the river in section 
14, Keokuk township. The small creeks emptying into Des 
Moines river between Chillicothe and Eldon deposit sand only 
in small amounts. The sand is considered too fine-grained for 
i.~ommer,cial purposes though it is used to some extent by the 
county. , Village cr~ek is a'ccumulating some sand in section 
9,Keokuk township. Soap creek, which enters Des Moines river 
at Eldon, deposits a considerable amount of good sand, though 
mostly in Davis county. This sand bar is about 75 to '100 feet 
in width and one-half mile in length. The quality is probably 
inferior to that at Ottumwa. 
STONE. 
In Wapello county ' the representatives of the Saint Louis 
stage that are of economic importance belong to the Pella beds, 
the upper division of the formation. Exposures are practically 
confined to the northwestern part of the county where the be,ds 
,(lutcrop ~long the Des Moines valley from Eddyville to Ottum-
wa, and on North and South Avery creeks in the vicinity of 
Dudley. 
Limestone was formerly quarried at a number of openings 
south of Eddyville, near ' the mouth of Miller creek. The J OIhn 
Lafferty quarry is the only one now in operation. Itjs located 
on Miller creek in the southwest quarter of section 7, Columbia 
township. The section exposed here for a distance of eight to 
ten rods, is as follows: 
FE-ET, 
7. Loess and river silt. ... " . . . ... .. . .. .... , ..... . , . . . , . . . . . 5 
6. Residual clay, deep red, plastic .. .. . . . . .. ... .. ... , .. .... .. . 3% 
5. Residual clay, greenish, calcareous, grading into 'argillaceous 
, limestone .. . .... . .. . . .. . ' ... .. . ... ',' . . . . . . . . . . . . . . . . . . 3 
4. Compact limestone of lithographic texture and separated 'by 
marly parthigs; on exposure it ,becomes :badly shattered 
by weathering of partings and vertical jointing . . . . . . . . . . 2V3 
3. Heavy limestone bed, highly fossiliferous, upper ,portion con· 
tains cavities lined with calcite and abundant iron pyrite 
concretions; two ledges, respectively 14 and 22 inches . . . . 3 
2. Shell marl, a few inches. 
1. Close·textured bluish limestone in 4 to 6 inch layers, to Ibase 
of quarry '. " .. .. " ., .... .. , ... . . . . . ... . ..... . " ., ... . " 2¥a 
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Number 3 shapes readily and affords excellent stone for build-
ing purposes and for heavy masonry. 
This quarry supplies stone which is used ,in bridge abut-
ments in this and adjoining counties. Tihe storie ,is handled 
by derrick and .loaded on wagons. Considerable quantities have 
been shipped from Eddyvill~. There is a triangular terrace, 
area here of considerable extent lying between Des Moines 
river and Miller creek around the borders of .whicp. the stone 
outcrops. The overburden is probably not more than ten or 
twelve feet at any place, and an unlinrited , 'supply is thus 
available. 
,At Dudley large, quantities of rock ,have oeen removed just 
west of the Chicago, Burlington and Quincy station, both north 
and south of the tracks. Stone is now quarried by Andrew 
Lames on the south side of the railroad. 'The following strata 
are shown in the quarry face : 
FEET. 
5. Loesslike silt, underlain with a thin bed of iron·stained 
gravel , . " " .. ",.............. . ... . .......... . ....... 18 
4. Bluish shale in places. 
3. Limestone, compact but shatters ' readily on exposure, sepa-
rates in 2- to 3-inch laminre .. ; . . ................ . .... 2lh 
2. Limestone, compact, light brown to blue, fossiliferous in up-
per portion, and contains much iron pyrites ..... . .. " ., . '9lh 
1. Blue limeston,e in thin layers . ........... 7 ••••••••••• • • • • 18·21) 
, ·Only number 2 is used for building purposes and it furnishes 
good dimension stone, although not so ' heavy as the correspond-
ing layer in the Eddyville section. Much crushed stone is pro-
duced, the railroad company using the major portion of 'the' 
output. All work in the quarry is by hand. Stone for the 
crusher is loaded on small fiat cars and drawn by one horse. 
Stripping is done by means of scrapers. 
The T. L~ Stevens opening 'is located on Middle Avery creek 
one-half miie south of Dudley. The same strata are to be seen 
as given in the section above: They are covered with loess and 
gravel. The iron sulphide , concretions are more conspicuous 
and numerous than in the Lames section. 
The Saint ' Louis ' beds in this vici~ity afford a fair grade of 
crushed stone for ba,llast. The presence of .Iron pyrite, which 
rapidly weathers and . leaves blotches, ·streaksof iron rust, 
PLATE LVI-Andrew Lames quarry, Dudley, Wapello county. ·The section shows the hard, compact beds of the Saint Louis 
limestone under the usual heavy stripping of the district. 
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and small cavities in· the stone, is a drawback to the extensive 
use of number 2, which is otherwise suitable for building pur-
poses. Without question there is more and better stone avail-
able in · the vicinity of Eddyville than at Dudley, but it is in 
a less accessible location at present for rai.lroad transportation. 
Limestone ha~ been quarried at several points in Ottumwa 
and vicinity. It has for many years been taken from the bed 
of the river at Ottumwa during low water. A new place is 
flpened up and worked out each season. That portion of the 
bed of the stream which ' is to be quarried during the summer 
is enclosed by an embankment to keep out the water. This is 
constructed of barrels filled with clay against which are piled 
broken stone, gravel and sand, until a substantial barri~r is 
built up. About six feet of limestone are removed, the upper 
layers being thin-bedded and tbe lower ledges three to eight 
. inches thick. All of the Saint Louis beds exposed here and at 
other places in the county are suitable for crushed stone 
products. 
WARREN COUNTY. 
SAND AND GRAVEL. 
Warren county as a whole presents an unbroken loess-Kansan 
drift surface. Des Moines river forms the northeastern boun-
dary for some half dozen miles and· the river here as else-
,vb ere in central Iowa is 'margined ~ith sand flats and contains· 
·sand and gravel bars of sufficient volume to supply a large 
portion of the county. These n·atural resources have not been 
develoJ)ed to any extent in Warren county. The interior 
streams, while important as drainage lines" are of little im-
portanc·e as sources· of sand and graveL 'The interglacial sands 
. and gravels are of no importance in the county: At the preseni 
, time 'Des Moines arid vicinity is the chief source of supply. 
W AlSHINGTON COUNTY. 
SAND AND GRAVEL. 
t , 
Tbe usual interglacial sand and ~avel terra~es are poorly 
developed or almost wholly concealed in Was.bington ·county. 
Deposits occur in 'varying quantity here and there throughout 
, . 
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the drift, but at only a few points is there a sufficient quantity 
of the right quality easily available. These points are, in 
general,along the la:rger streams. At Coppock, just · over the 
line in Henry colinty, there is a gravel terrace margining Skunk 
river from which considerable amounts of materIal have been 
taken by the Chicago, Burlington and Quincy Railroad. The 
gravel is fine and is mixed with sand. 
South of Riverside, on Goose creek, the following section 
was observed by Bain:* 
FEET. , 
3. . Sand, COM"se, yellow, alternating with fine gravel. . . . . . . . .. 25 
2. Clay, yeUow, with pebbles .... .. .. .. . " .. " . . " .. . . " .. .. . lh 
1. Clay, blue, plastic, few small pebbles ........ . .. , . . . . . . . . .. 12 
Sand and gravel in small quantities and of rather inferior 
quality occur in the present streams. These as well as the 
, drift pockets are of local interest only. 
Clay of good quality, such ' as has been burned elsewhere for 
ballast and road materials, is everywhere present. 
STONE. 
The upper magnesian layers of the Kinderhook outcrop along 
· South English river and its immediate tributaries, but they 
have little to commend them for structural purposes. They 
have been developed, however, to a limited extent near River-
side and Wassonville, and have been used for rough foundation 
w:ork, well curbing and even fon "bridge stone, ordinary dimen-
sion ,stone and caps and sills. The stone is rather soft and 
· not pleasing in appearance. 
Limestone beds referable to the Osage outcrop at numerous 
points in a belt which crosses the middle portion of the county 
· in an east and west direction. Quarries have been opened 
northwest of Washington and north of Wellman. The Eckel~ 
quarry, located on the southwest ', quarter of s'ection 2, 
Franklin township, . presents one of the best sections between. 
, Washington and West Chester and is given below. 
~Iowa Geological. Survey; Vol. V, p. 153. 
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ECKELS QUARRY. 
FEET. 
3. Loess . ...................... . .......... ... . . . . ......... 12 
2. Drift ................................................... 6 
1. Limestone, coarsely subcrystalline,blue, gray and white in 
color, running in ledges from 3 to 20 inches in thickness.. 20 
Other quarries in the neighbQrhQQd display less ' extensive 
sectiQns 'and ' present no. new featuresQf impQrtance. Chert 
bands are quite CQmmQn in all Qf the quarries and in Qne Qf 
the quarries an earthy to. arenaceQUS bed carrying calcareous 
geQdes may be viewed. North of Wellman, near DaytQn, an 
old quarry ~hQWS the fQllowing indurated beds: 
FE.ET. 
3. Limestone, buff, arenaceous........... .. . .. . ........ . .... 5 
2. . Limest.on,e, . brow.n, coarse, subcry'staUine, fossiliferous. . . . . . % 
1. Limestone, ,blue to gray, finely subcrystalline, fossiliferous. . 4 
The stone very clQsely resembles that quarried in the Wash-
ingtQn~ ilistrict, .. Opeuings have been made at other points, but 
lire of IQcal interest Qnly. 
The Saint Louis limestone occurs over a large area in the 
sQ'uthern portiQn of the county, comprising ra strip ranging 
from about five miles in width, on the east bQundary, to. eleven 
miles. on the west. The most impQrtant exposures Qccur along 
Skunk river and near vicinity, in Brighton and Olay townships. 
The principal quarries are located in the immediate vicinity Qf 
the town of BrightQn. The 'most valuable ledges quarried here, 
as well as at other PQints, belong to. the upper member or Pella 
beds. The Qverburden is usually heavy, ranging from a few 
feet at the face in natural outcrops to' fifteen or twenty feet ' a 
short distance tQward the bluffs. There are two. main ledges 
especially suitable fQr bridge stQne which range from sixteen 
inches to. two. feet in thickness and rest upon two layers of 
flagstQne, The flagstone layers are in .turn underlain by heavy 
beds which were at Qne time wQrked by the Ohicago, Rock 
Island and Pacific Railway Oompany near Brighton. These 
IQwer ledges are more or less water-coursed, and the quarry 
has been abandQned. On the' west side of the RQck Island 
tracks) immediately nQrth of t~wn, the follQwing . layers were 
fQrmerly exposed and quarried: 
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FI!.ET. 
7, Soil and drift: variable, thickening rapidly in the bluff ..... 5·15 
6. Marl .... . . .. ....... .... ............. . .. : ... . ... ... .. .... 2·4 
5. Limestone, in thin layers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7:3 
4. Limestone ledge, bridge stone. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 1 %.. 
3. Limestone ledge, bridge stone .. , ... , ..... ...... " .. .. . . . .. lUI,. 
' 2. Limestone, flagging a,nd rubble. . . . . . . . . . . . . . . . . . . . . . . . . . . . lA, 
1. Limestone, flagging .and rubble. .. .. . . .... .. ...... .. .. ..... ],4 
Other quarries opened in the immediate neighborhood show 
essentially the same beds but in slightly different thicknesses. 
About two miles northwest of Brighton, a quarry is being 
operated on the Whitmore place. The beds dev.eloped are as 
follows : 
FJl,ET. 
2. Loess and drift up to . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . 20 
• 1. Limestone, gray·blue, compact, tough, somewhat fossilifer· 
ous; in ledg·es as follows: 
Top ledge, 8 inches ........ } , 
Bridge stone, 20 inches. . • 
Bridge stone, 20 inches.. . . . . . . . . . . . . . . . . . . . . . . . 5' 
Flagstone. 6 inches . ....... , 
Flagstone, 6 inches . ...... . 
The upper ledges are very much weathered along the joint 
planes, and in places the blocks are reduced to rounded ,cores 
practically valueless though they appear to be as tough and of 
the same color as the unweathered blocks. The ledges work 
readily by the feather and wedge method. The flags are some-
what rough but appear to be durable. 
The Chicago, Rock Island and Pacific Railway has used much 
of the stone of the district for bridge purposes . . The stone has 
been generally used 'in the town and county and has been 
shipped in large quantities to adjoining counties. 
The stone qua'rried in this region is fine-grained, compact, 
breaks with an even to conchoidal fracture, and is of a pleasing 
ash-gray color. It is -of good quality, but limited in quantity, 
as only a few ledges are workable, and can be obtained only 
at great expense on 'account of the excessive overburden. Be-
low are the disturbed beds of the Verdi which are of little value 
for quarry purposes. Small quarries have been opened in 
these beds near Verdi, but have long since been aband.oned. ; 
r 
• 
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FIG. 59-Irregular b eds of limestone in the Saint Louis, Verdi quarry, Washington 
county. . 
About three miles south of Washington on Crooked creek, 
a small quarry has developed the lower magnesian portion of 
the Saint Louis, but it is of local importance only. 
With the exception of layers in the Kinderhook, all of the 
limestones available in the county are well adapted for road · 
and concrete materials. 
WAYNE COUNTY. 
SAND AND GRAVEL. 
Wayne county lie.s wholly within the loess-Kansan area and 
contains no large streams. The northern portion of the county 
is drained by Chariton river and its tributaries, but none of 
these have accumulated any considerable deposits of sand and 
practically no gravel. Some sand and gravel is obtained from 
the vicinity of Morgan in Decatur county for use in and about 
Lineville. The interglacial gravels, while 'probably present in 
the county, are not known to be available. The county is de-
l, 
• 
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pendent almost wholly on outside sources for its supply of 
road and concrete materials. ' 
STONE. 
Exposures of the underlying rocks are very scarce in Wayne 
county. The Des Moines stage of the Coal Measures occupies 
the major portion of its area. Stone suitable for quarrying is 
known to occur only along the south fork of Chariton river 
near the east edge of the county. A small amount of rock has 
been"taken out on the farm of Mr. Talkington in the northeast 
quarter of the southwest quarter of section 36, Wright town-
ship. Four feet of gray fossiliferous limestone are exposed, 
overlain with fifteen to twenty feet of drift. The stone is trav-
ersed by veinlets of calcite and separates into thin laminre on ' 
exposure. The same bed has been worked at a few points 
farther up the river and over the line in Appanoose county. It 
can be of little importance even locally. 
WEBSTER COUNTY. 
, ' 
The chief source of sand and gravel is Des Moines river 
and its immediate tributaries. Lesser qU'antities are found in 
the knoblike hillocks of the drift. 
Des Moines river has cut a deep 'trench"from 'north to ' east 
of south across the entire county. ' Tlle sands and gravels oc.: 
cur in two )VeIl-marked terraces about twenty to seventy feet 
respectively above the level of the water in the river. Frag-
ments of higher terraces, appear occasionally and are gravel-
bearing. ' Sand bars and flats in the present stream a:re of 
some importance, Remnants of t~e t~rraces may be viewed 
in and near Fort Dodge; e. g." on Soldier creek at Miller's 
quarry; near the stone bridge in Fort D09-ge; b(lc~ of the city 
ho~pital and on the bank of the river in west Fort Dodge; and 
on section 30, Cooper township; 
N ear the north line of Douglass township the terraces are 
especially wel~ ' marked and are sep~rateq by a drif*- terrace 
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about fifty feet above water level. Similar terraces, not so 
well developed, are found along some of the leading tributaries. 
Kame and esker gravels are somewhat erratically distrib-
uted over the Wisconsin upland drift plain. One of the most 
prominent of these occurs on section 9, Lost Grove township, 
and is locally known as Coon Mound. The mound is an esker 
which rises to a height of some fifty feet above the level country 
surrounding it, and is composed of more or less classified ma-
terial-largely sand and gravel. Similar hillocks occur in other 
parts of the county. .A sample of gravel was taken from a pit 
located in a knob near the ·middle of section 10 in Cedar Creek 
township. 
SToNE. 
In Webster county the ·outcrops of the Saint Louis limestone 
worthy of mention are confined to Des Moines river and im-
mediate tributaries, from the north line of the county. to Fort 
Dodge. A few detached areas are known south of this point 
along the river, and one or two small patches occur in the in-
terior of the county. The beds comprising the Saint Louis 
are decidedly heterogeneous in character, varying from a hard, 
compact limestone in well developed ledges to a structureless, 
clayey marl, and from a pure calcium carbonate to a highly 
magnesian limestone. In places a calcareous sandstone appears. 
The beds are usually too deeply buried under the Coal Measures . 
and glacial debris to be of interest economically, but in the 
vicinity of Fort Dodge and northward along the river and along 
Soldier creek, considerable areas liave been partially stripped 
of their overburden and quarrying has been thus made possible. 
On account of the lack of persistence and rather indifferent 
quality of the beds, quarrying has not been, and is not likely 
to' become, an important industry in the county. The stone has 
been developed at a number of points, and a considerable quan-
tity has been used for foundations. and retaining walls in and 
about Fort Dodge. A few representative sections are given 
herewith. 
Section at Miller's quarry, near the stone bridge over Soldier 
creek in Fort Dodge: . 
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FRET. 
7. Soil .............. . . . .... . ....... . ... . ............. . .. .. 2 
6. Gravel, fresh, cross-bedded. . . . . . . . . . . . . . ... . . . . . . . . . . . . . .. 10 
5. Clay, yellow, not jointed, unleached, . many limestone 
pebbles .. ... ......... ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
4. Soil and clay mingled, both unleached, soil dark and contain,-
ing many wood fragments. .. . . . . . . . . .. .. .. .. . . .... ..... 15 
3. Sand, uncemented, containing lumps of coal and large pieces 
of wood,.in layers varying greatly in color from white to 
gray ......................... .. .... . .. .. ......... . ... 8 
2. Calcareous sandstone, a singre layer, very firm. .. . ... .. .. .. . I1h 
1. Limestone, layers coarse, often two feet thick, stone of fine, 
even texture, no fossils ........... . ..... . ... ,.......... 25 
In the creek bed at the foot of this exposure the limestone 
gives place again to calcareous sandstone, the thickness of 
which could not be determined. 
Number 1 in the above section is . variable, the beds ranging 
from limestone more or less pure, to limestone more or less 
magnesian. The texture also lacks constancy. The terrace on 
~he west side of the river from the mouth of Lizard creek 
northward. for about two miles is supported by the Saint Louis 
limestone. South 0'£ the center of section 7 in Cooper toWnship, 
n good section may be viewed. The beds are as follows: 
FEET. 
5. Sand and silt ............... . . . ... . . .. . . . ............... 5 
4. Limestone, rather heavy-bedded, variable, with persistent 
chert band near the top . . ........ '. . . . . . . . . . . . . . . . . . . . .. 12 
3. Sandstone, cherty in places ........ '. . . . . . . . . . . . . . . . . . . . . . . 1h 
2. Limestone ledge ............ : ........................... . I1h 
1. Sandstone, to water level. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Ilh 
While the limestones continue to the county line, they are. 
as a rule too deeply covered and too far removed from trans-
portation lines, to merit consideration. Below Fort Dodge~ 
limestone ou~crops are unimp~rtant . 
. Des Moines river and its immediate tributaries have . ex-
posed heavy beds of sandstone at several points in the county. 
As a rule these beds are composed of massive, friable sandstone 
oftentimes stmngly pyritic or marcasitic. The presence of 
these ingredients causes the stone to disintegrate rapidly on 
,~xposure while their presence in small quantity in a finely 
divided state produces discoloration of the exposed surface. 
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,Several q-qarries have been opened and operated at various 
times. The most important one is located in the northwest 
quarter of the northeast quarter of section 14, Pleasant Valley , 
township. The quarry is located in a small ravine where the 
rock is naturally exposed. An average section through the 
quarry face shows the following beds: 
FEET. 
, 3,. Soil and drift., .. .. . . . , . . .. . . .. . . . . . , . . ........... .. ', .... 10-15 
2. Shale .... .. .. : ...... ... , . . . .. . .. . . , . , . . . . . . . . . . . . . . . . . .. 2-3 
1. Sandstone ... . .... .. ...... . . .. " . . ...... . : . . . . . . . . . . . . . . . 15 
The 'sandstone is probably much thicker, but it has not been 
quarried below the bottom of the ravine. 'It is ferruginous and 
contains many selenite scales which looK like mica. Even in a 
given layer the stone varies often in color and hardness. The 
colors are various shades of red. Some layers are practically 
useless for building purposes because they contain many ,small 
iron concretions. At certain points in the quarry the rock at-
tains a fair degree of hardness. The layers are of a desirable 
thickness, varying from six inches to two feet. Jointing is im-
perfect, but sufficiently well de'veloped to render qua:rrying 
easy. Some years ago the quarry was well equipped with steam 
derricks, and a side track gave good shipping facilities, but at ' 
present it is not operated. The product is known commercially 
as the Albee sandstone, and at one time this was the most 
extensive sandstone quarry in the state. 
Sandstone quarries have been opened at other points in the 
county. In Fort Hodge some stone of fair quality has been 
taken out. North of the city the sandstone layers appear to be ' 
better cemen.ted but have not been developed to any extent. 
Neither the Coal Measures sandstones nor the Saint Louis 
limestones as developed in Webster county are promising 
sources , of , supply ' for crushed stone products. 
WINNEBAGO COUNTY. 
SAND AND GRAVEL. 
Winnebago county lies wholly within the Wisconsin drift 
area. While this youngest ice sheet extends well into Worth 
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and Cerro Gordo counties, the morainal belt which marks the 
rather unstable ice front continues back over the eastern one-
balf of Winnebago county. T,he "knobby drift" of Owen, now 
known as the Altamont moraine, contains occasional sand and 
gr~vel domes and ridges, and these are the chief sources o~ 
road and concrete materials, in ' the county. While the sand 
~nd g.r.ayel hillocks are more common in the morainal belt they 
are generally, though not numerously, distributed over the 'Wis-
eonsin .. drift plain. The kame sands and gravels ,are as ,usual 
poorly classified and generally carry considerable percentages 
, of undersize (clay and silt), and oversize (cobbles and bowl<Jer-s) 
materials. 
Unlike many another county within the Wisconsin area, . the 
streams of Winnebago exhibit practically no traces of gravel 
trains . ' What streams 'may have ' transported glacial debris in 
their flood waters carried it out beyond the limits of the county. 
WINNESHIEK COUNTY. 
,SAND AND GRAVEL. 
'The valley '. of Oneota or Upper Iowa river is plentifully 
strew:n 'with beds an.d b~nks of sand and gravel of various 
age,s and characteristics. These comprise fine, 'fresh, clean 
sands; beds of coarse pebbles and old, rusty, weathered gravels. 
'rhe . Gharacter of these deposits serves in many .instances . as 
a fair index. of their relative ages, although the evidence is not 
con~lusive for some of them. Thus there are at intervals 
from the county line westward to a point a short distance beyond 
Decor;;th banks composed chiefly of pebbles 'of limestone with 
some chert, foreign pebbles and sand. Such a deposit is de-
scribed by Calvin from section 36, Pleasant township; and in 
section 35 of the same township test 'holes stink by the Upper 
Iowa Power Company at the site of their dam showed: 
FEET. 
Black dirt (alluvium) . ...... , .. . .. : . : . . . : . .. . . . ... . . .... . 2·10 
Gravel . . . . .... . . . ... :: . ... .. . . .. ... .. . . ......... . . ,.. .. .. 1·6 
Sand, clean, fresh, in streaks and pockets. . . . . . . . . . . . . . . . . . 7 + 
Clay in streaks: ' 
~owlders and gravel mixed. ' 
Bed rock. 
.. . 
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The materials form a broad flat terrace reaching as high as 
thirty feet above the stream.. The coarser elements are largely 
liriiestone, with some foreign pebbles. They were used in mak-
ing ,tl;te concrete dam and other ' structures of the company's 
powe~ plant. 
Again in section 3, Glenwood township, is a similar terrace 
which shows about thirty feet of alternating sands and coarse 
gravel. below eight feet of yellow Iowan loess. This latter is 
weathered above but fresh below, and at the contact the gravels 
are iron-stained. One exposure shows two feet of ferruginous 
FIG. 60-0ld weathered gravels over fresher sand, secUon 9, Glenwood t{)wnship, 
, . Winneshiek county. 
gra;vel immediately below the yellow soil. Other terraces of 
like nature are also seen in sections 4 and 9 of the same town-
ship, and on the north bank of the river opposite Decorah 
similar deposits are bound into a :firm conglomerate by a cal-
careous cement. This conglomerate is discussed by Calvin in 
his report on Winneshiek county* where the probable origin 
of the materials here mentioned is treated. 
·Iowa Geological Survt:y, Vol. XVI, p. 37. 
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'Above Decorah there are no terraces, but in the river banks 
there are exp.osed b~ds of gravel and · sand at a few localities. 
In the southw~st quarter of section 8, Decorah township, about 
two miles above the town, the rive'rimpinges upon its left baD.k . 
and has cut into a bed of coarse gravel, chiefly local, with some 
fresh sand intermingled. This bed is similar to those below 
Freeport. Six feet of this material are exposed and overlain by 
finer, much more weathered sand with some coarse material, 
about equally. divided between local and foreign pebbles. The· 
material from this bank has been used on the roads in the 
immediate vicinity .with excellent results, as it cements well 
and forms a firm roadbed. Other deposits in similar situations. 
and doubtless laid down under like conditions are exposed at. 
the bridge near the north line of section 6, Decorah township, 
np.d in t~e northeast q~arter of section 10, Blufftqn township. 
The beds at these different localities may be classified as 
of undetermined, but probably Kansan age. Their character 
does not in all cases permit of an accurate determination of 
their geologic position. But there are other deposits ab9ut 
which there is not such uncertainty. A notable instance is in 
Hection 7 of Glenwood and section 13 of Decorah townships,. 
where a broad sheet of gravels is spread over the bottom lands. 
iIi the vicinity of Freeport. These gravels bear unmistakable 
evidence of their relationships with the Buchanan gravels in 
their weathered and rusty condition. They are rather fine, 
like the typical valley phase of the Buchanan gravels, and are 
overla:in by fresh, clean Iowan sand. The road leading north- . 
east from Freeport is cut through these beds and exposes a . . 
good section. Similar beds occur for some miles up and down 
the river. They are of excellent character for use on the roads. 
and should be used where the newer incoherent sands make the 
roads of the neighborhood very heavy. 
In the northwest quarter of section 30, Canoe township, is. 
an extensive deposit · of dark red, weathered sand somewhat 
indurated, bearing very little coarse material. It extends ·200 
yards back from the flood plain in the form of a sloping ter-
race, and grades up to a sandy soil twenty to forty feet above -
the plain. 
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i Sands of Iowan age also occur at various points in the 
:.Oneota valley. In sections 7 and 8 of Glenwood and 13 of De-
· corah townships are large bodies of fresh sand. About the 
: middle of the section last mentioned, on the east side of the 
: Toad;.is an immense bed of clean, white sand with darker lay-
· ers beneath. These latter are in' some cases quite hard, are 
for the most part quite fine, and may be Buchanan in age. 
· In section 23 ' of Decorah township is another bank of similar 
clean fresh sand of Iowan age. 
In . sections 11 and 14 of Bluffton township is an extensive 
area which lies comparatively level, with the exception ofsev-
· eral hills of circumdenudation. Considerable. amounts of fresh 
· sand, apparently of Iowan age, are exposed here along the plain 
· ~tnd covering the hills. In places, however, the rocky core of 
these latter is exposed. 
Aside from the main drainage course of the county, there 
are numerous bodies of Buchanan gravels . . Calvin has men-
tioned several of these; as in section 22, Hesper township, sec-
· tion 36, Madison, an.d section 1,5, Decorah township, ~ll of which 
are related to the upland phase. 
The valley phase of these gravels is represented by beds 
seen in the southwest quarter of section 35, in the northeast 
quarter of section 28, and in the northwest quarter of section 
20, all in Washington township. All of these beds consist for· 
the most part of rather fine, rusty gravels and sands with some 
associated coarser layers. At the last locality mentioned there 
is quite a large bench which seems to be underlain by the 
gravels. 
A considerable part of the town of Fort Atkinson is built 
upon a bench of coarse, rusty Buchanan gravels. These ex-
tend from the margin of the flood plain of Goddard creek north-
,ward beyond the r,ailroad tracks where they are probably 
'banked against the hills of Fort Atkinson dolomite. Where 
they· have been exposed by street grading in the southern edge 
:of the village a thickness of four feet is exposed.. The basement 
,of the Catholic school was sunk into them to a depth of five 
·feet and the railr:oad pit oppo.site the depot, whence large qua:n-
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FIG. 61-Buchanan gravels overlain by fr esh e r sands, southwest quarter of sec-
tion 35, Washington township, Winneshiek county. 
tities have been removed, shows a section ten feet in depth, 
above which are. ten feet of Iowan loess. These gravels have 
been used on the roads with good results except that they are 
a little soft. . 
Another q:uiteextensive deposit is cut into by a small creek 
in the northeast quarter of section 1, Jackson township, and 
the northwest quarter of section 6, Washington township. 
Where the road crosses the creek about six feet of hard, fer-
ruginous gravels are exposed and the bench extends to the 
river plain 200 yards or more distant. About one-half mile 
farther north, along the same road, eight teet of fine, fer-
ruginous, red to yellow sands, alternating with fine gravel and 
coarser material of mingled native and foreign derivation, are 
exposed. A few rods south of the bridge crossing the creek 
on the south edge of Spillville is a bank of gravel which has 
been opened up to some extent. This bank shows a section 
as follows: 
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FEET. 
Soil, sandy, fine, gray. ,. .. . .. .. .... ...... ....... .... ..... 1 
Soil, with coarse red sand .... ..... •.. , ........ " .•... , . . .. 1 
Gravel, hard, oxidized, breaks up with d·ifficulty. . . . . . . . . . . . 1 
Sand, fine, yellowish, incoherent........ . .. . . . .. . .... .. . .. % 
Gravel, hard, red, with some layers of fine sand . .. . . , .... 1% 
Gravel and sand in alternating l'ayers, coarse material both 
local and foreign; all fairly fresh and incoherent .. . " '" 3 
One-half mile east of here the :fine phase of the Buchanan 
gravels is shown by the roadside · at the top of a flat bench 
which extends from ·the steep bluffs on the north side · of the 
river to ·the "lower level of the flood plain. 
STONE. 
Good quarry stone is available at a number of horizons in 
the Ordovician as ·developed in Winneshiek county . . The lowest 
beds eminently suitable for structural purposes occur near the 
base of the Oneota limestone in Highland and Pleasant town-
ships. The lower thirty or forty feet, resting directly on the 
Jordan sandstone, is a light buff, evenly bedded dolomite, fairly 
uniform in texture and obtainable in blocks of almost any di-
mensions up to thirty inches in thickness and easily dressed. 
The outcrops are practically limited to the bluffs facing Bear 
creek from Highlandville to the county line, and limited out-
crops on sections 23,24, 25 and 26 in Pleasant township. These 
beds are almost wholly undeveloped in the county on account of 
the absence of transportation facilities. The upper beds of the 
·Oneota are less desirable for structural purposes on account of · 
their more drusy character, absence of regular bedding planes 
and general lack of uniformity in texture, structure and. compo-
sition. At the present time none of the beds belonging to the 
Oneota. are quarried in Winneshiek county. 
The. Galena-Platteville limestone, as in adjoining counties, af-
fords several well-d~:fined quarry horizons. The three divisions 
recognized by the Minnesota and Wisconsin geologists are very 
marked here. The lowest division or Platteville limestone is 
·again divisible in three parts, ." Lower Buff Beds," "Thin, 
Brittle B~ds, ' ,' and" Thicker Quarry Beds" in ascending order. 
39 
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As a whole the Platteville thickens southward and as a conse-
quence is much thi~ker in Dubuque than in Winneshiek county. 
The Lower Buff Beds do not exceed five or six feet in the latter 
county, with eight inch layers, and have been developed at but 
few points and then in a small way. The heaviest ledges of the 
Lower Buff Beds occur in the valley of the Upper Iowa in the 
vicinity of Freeport and east. The Thin. Brittle Beds were 
quarried formerly to a limited extent, and while apparently in 
heavy beds where p·rotected, they preak down when exposed to 
weathering influences · and are of little economic importance. 
The uppermost member or Thicker Quarry Bed attains a thick-
ness of from four to eight feet and is evenly bedded. The . 
stone is hard and compact, fine-grained, nondolomitic limestone, 
and is of a bluish color. The individual layers range from six 
to eight inches in thickness, are remarkably uniform and can 
be obtained in sheets or tablets' of almost any desired dimen-
sions. This horizon has been quarried extensively in the vicinity 
of Decorah and Hesper. The beds are composed chiefly of finely 
comminuted and firmly cemented brachiopod shells. From one 
of the quarries north of the river at Decorah attempts were 
made to produce an ornamental stone by sawing into thin slabs 
and polishing by machinery. The product possessed a rather 
pleasing appearance and was used to a limited exteJ;l.t for table 
tops and interior decoration. 
A number of quarries have been opened in the Galena lime-
stone, above the level of the Decorah shale. Many are small 
and were operated only temporarily to supply some immediate 
local need. At no point does · quarrying in the Galena assume 
commercial importance. The upper quarry of Mr. Halloran is 
worked at the level of the lower Receptaculites zone, about fifty 
feet above the Decorah shales. The quality of the stone is not 
as good as that from the upper part of the Platteville. The bed-
ding is n,ot so regular; the texture is less uniform; much of the 
stone is liable to split into small chips' on long exposure to the 
weather. 
Several quarries have been opened in the blue ledges of the 
Platteville on the north valley wall of the river, opposite De~ 
corah. One between the Ice Cave and Mill Spring ravine shows 
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about fifteen feet of these beds. There are also 'great quantities 
of rock washed out from the Galena beds in the ravine through 
which the road -enters ,Decorah from the northwest. These have 
been used on this road, as has similar material from the river 
bed in section 8, Decorah township, and all these give excellent 
results. The road leading southeast from Decorah across sec-
tion 22 to Trout run has a1so been macadamized with limestone 
as well as with gravels from the river terraces. This road is 
firm and smooth, an excellent example of what may be accom-
plished with the materials so abundantly at hand. 
In the neighborhood of Nasset, in the southwest quarter of 
the southwest quarter of section 22, Glenwood, is a small quarry 
opened in the hillside in the blue ledges · of the Platteville, just 
below the Decorah shales. The rock is hard and firm and the -
location is' favorable for getting out road material. Along the 
:east-west rQad across section 26, GlenwoodJ are several expo-
:sures of geest, dark rust-red, with much chert. While this is not 
present in great quantity it would make excellent material for 
:l'oad work-as far as it goes. There is a large quarry at N ordness 
which is opened in the upper beds of the Galena. The Maquo-
keta 'begins only a few feet above the exposure. The upper beds 
are badly checked and weathered, but below these there are some' 
quite firm ledges varying from ten to fourteen inches in thick-
ness, with which there is associated a ten inch band of shale. 
About the middle of the quarry face there is a belt of irregularly 
bedded concretionary limestone, three feet in thickness, alto-
gether ~acking in the homogeneity requisite for good quarry 
stone. Below this belt there are six feet of more regular and 
more homogeneous beds, with · some of the individual courses 
fully ten inches in thickness. Another quarry at the same 
horizon as that at N ordness is opened on the south side of Yel-
low river in the north half of the northeast quarter of section 13, 
Bloomfield township, on land belonging to the estate of Mr. 
Melvin Green. The characteristics are the same as at N ordness 
except that there are several bands of shale, ranging from two 
or three to ten inches in thickness, inter stratified with the lime-
stone. Another quarry which includes the uppermost ,beds of 
" . 
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the Galena is located on the south s,ide of the diagonal road in 
the southwest quarter of section 17, Bluffton township. There 
are other small quarries, worked temporarily or intermittently 
to supply the purely local demands, near Kendallville, Plymouth 
Rock and Burr Oak. In the southeast quarter of section 7, Fre~ 
mont township, are some small quarries opened in beds of dolo-
mitized Galena, a phase of the formation resembling that at 
Dubuque. Dolomitization here is local, being restricted " to an 
area of three or four square miles. The many other small open-
ings in the Galena limestone ar~ too numerous to be individually. 
noted. " 
Much of the Galena limestone is very unreliable. When 
quarrying has been carried into the hillside beyond the zone of 
weathering, the ledges may appear to be thick, firm, durable, 
suitable for any kind of construction; but after being placed in 
FIG, 62-Portion of retain ing wall around Court House Square in Decorah, Wlnne-
shiek county, showing unreliable character of Galena limestone, 
walls and exposed to alternations of temperature and the chem-
ical effects of air and moisture they split into thin lamime and 
eventually break up into small, irregular chips. The effect is 
well shown in the portions qf the old retaining wall still stand-
ing around the" court house square at Decorah. . 
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Quite an amount of quarrying has been done in the Maquoketa 
formation. The Isotelus zone is very regularly and evenly ' 
bedded, and in a few instances: it is firm enough to serve for: 
building stone. One qu~rry at this horizon, located in the north- -
-west quarter of section 18, Springfield township, is ·noted by ' 
Calvin in . connection with the general discussion of the Ma-
quoketa beds of this county. *. In some cases the strata lying 
between the Isotelus zone and the Clermont shale are ' capable 
of furnishing a fair grade of building .material for rough walls 
and foundations; but the principal quarry horizon in the Ma-
quoketa is that of the Fort Atkinson limestone. This, not in-
frequently, ·is a hard, granular, crystalline dolomite, comparable 
to some phases of the Galena limestone in Dubuque county. At 
Fort Atkinson quarries have been worked in this formation for 
many years, and one of these, located a few yards west of the 
FIG. 63.-Fort Atkinson limestone as seen in quarry a few rods west of the old 
. fort, Fort Atkinson, Winneshiek county. 
"Iowa Geological Survey, Vol. XVI, p. 101. 
.. 
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old fort (Fig. 63), is capable of yielding blocks of any desired 
. dimensions up to three feet in thickness. Another quarry in 
the same limestone, on the east side of the fort, has been oper-
ated intermittently for some time and has furnished quite an 
amount of fairly good materiai. In the 'southwest p~rt ·of Mili-
tary township there are many quarries' and natural exposures 
in the Fort Atkinson beds. The small quarry near the center of 
the southwest quarter of section 33, and that near Ossian in the 
northwest quarter of section .15, will be found noted with some 
detail, in the part of the report on Winneshiek county which 
treats of · the ' Fort Atkinson liJp.estone.* 
About a mile south of Calmar, in the southeast quarter of 
section 35, Calmar township, is a quarry of ' Mr. Gallaman. 
This is opened ' in the Fort Atkinson beds and shows eight to 
ten feet of yellow, 'flinty, thin-bedded layers overlying ye~low 
beds free· from chert, the beds two to eight inches thick. Of these 
lower beds four feet are exposed. On top is one to two feet of 
waste rock, then one foot of soil. The quarry has been well 
opened and is easy of access from the road. The beds shown 
here are also exposed on both sides o.f the ravine which runs 
past the quarry and a considerable amount of rock is ~vailable. 
Similar beds are exposed in the ravines and road-cuts just north 
of FE:ls,tina. 
On the north side of the Cresco-Calmar ridge the Fort Atkin-
son formation comes to ' the surface and is quarried near the 
Mnter of the southwest quarter of section 27, ~pringfield town-
ship, 'and about sixty rods south of the northwest corner of S'ec-
tion 5, Bloomfield. J\.t the point last named the rock is yellower, 
softer, less crystalline than at Fort Atkinson. The rocks of 
this horizon become more earthy or shaly toward the northeast, 
and gradually lose the qualities of a pure dolomite which dis-
tinguish tM'em at the type localities in Fort Atkinson and Cler-
mont. 
Several small outliers of the Niagaran limestone appear in 
Washington township and are believed to be the northernmost 
o,utcrops of that formation in the state. The stone commonly 
r'epresenting the Niagaran here is a yellow-buff, dolomitic lime-
"Iowa Geological Survey, Vol. XVI, p . 101. 
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stone. Some of the layers exposed in an 'old quarry west of 
Festina comprise a hard, buff, subcrystalline dolomite com-
parable'with typical Niagaran dolomites exposed farther south. 
The beds are of small importance and have been but little de-
veloped in Winneshiek county. 
The Chicago, Rock Island ahd Pacific Railway has a large 
quarry near the station at Nordness. This shows at the base 
fifteen feet of heavy blue-gray ledges of fine texture which 
weather to gray or buff. The ledges are six inclies to a foot 
in thickness. The upper ones show a conchoidal fracture. 
Above these heavy beds is a layer of slaty shale, drab or slate 
color, eight to ten inches thick, which breaks into very thin 
spalls. Overlying this layer is a heavy ten-inch ledge, then 
thinner ledges for fifteen feet. , These are separated by thin 
shale bands of one to two inches thickness and are nodular 
and of uneven thickness. They are capped by a five-foot bed 
, of yellowish gray calcareous shale which breaks up into small 
angp.lar bits. At the top of the section are five feet or more 
of gray iron-stained loess with the lower part strongly impreg-
nated with iron. 'There' is no drift present here. 
A sample was collected from the heavy beds below the shale 
band, also from the thinner beds above. Several quarries' are 
opened in this vicinity in the heavy beds below the shaly layers 
of the Galena. The yellow shale beds are the basal layers of 
the Elgin Shaly Limestones, the lowermost division of the Ma-
quoketa stage. Forty feet of these are exposed in the roadside 
one-half mile east of N ordness. Below the quarry beds are 
exposed layers which appear hard and solid, as if suitable for 
road work. 
At the time samples were being collected the quarry of E. H. 
Weber, one-fourth mile south of Hesper, was not being used. 
Considerable quantities of stone have been removed, however. 
The beds used are the blue layers of the Platteville. Only a 
few feet are removed and these are just below the Decorah 
shales., On the northeast edge of town is a smaller quarry 
which is opened in the same ledges as the Weber quarry, but 
the location is not so advantageous as is that of the latter. 
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A .little r.ock is taken out .near Locust from . these same .blue 
layers. 
On the south . slopes of the hills in section 35 of Wash.ing-
ton. township the Niagaran is exposed in steep scarps and in the 
road bed. It is fine-grain'ed; 8ubcrystalline and responds read-
ily to the acid. On the top of .the hill where the road descends 
· to the river .plain some rock has been taken out . and this pit 
.reveals thin shelly layers on top of" t~~cker . ones. ' The heavy 
massive beds seen in the scarps are .not .here exposed. 
The.type exp~sure of the Fort.Atkinson dolomite is the quarry 
· west .of the' old fort .at the town. of Fort Atkinson . . This.is well 
described by Oalvin. The flin~y beds .of this formation are also 
.exposed in the road in the northwest quarter of section ,7, 
Washingtl;)ll. These and also the quarry .are convenient for 
· obtaining road metal of which they should. furnish an excellent 
quality in . abundance . . Numerous exposures· occur on the road 
from Fort Atkinson to Spillville and also on the road from the' 
. latter village to Oalmar. Oonsiderable rock waste is uncovered 
here and this would yield a supply .very easily .obtained. 
In the town · of Ossian a little macadamizing has been done, 
, the. cherty layers of the Fort Atkinson beds being. the material 
· used. So far a~ . noted the stone gives good results except that 
· as insufficient fine material was . used the surfacing was not 
· good. . The stone was taken from a quarry in the nort.hern part 
of s.ection .1q, Military. This . is described in some detail by 
,Oalvin in his report on Winneshiek county. 
WOODBURY COUNTY. 
SAND AND GRAVEL. 
The terraces along Little Sioux river and its' 'tributaries fur- . 
· nis}J. the principal supplies or' sand and gravel for Woodbury 
·coJlnty. Gravels which occur under the loess are opened in a 
few places ' along ·Missouri river, but these are ,of minor im-
portance. 
Str.eam Terraces.-The benches along .Little Sioux river 
which.are so prominent in Oherokee county contip.ue southward, 
the lower one being conspicuous across the corner of Ida and 
'. 
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on 'into Woodbury county. ' It is sometimes as much as a mile ' 
in' width, and it seems to be 'composed almost entirely 'of gravel. 
It has been opened by the Illinois Central Railway 'in section 
23 of Union township-, and from a pit in the northeastern part 
of section 35, same township, much is being hauled to Correc-
tionville. In the latter place there is, 'only a small amount of 
cover. The usable material is coarse, rusty, impure gravel 
at the top, but becomes ,cleaner ,and more evenly bedded toward , 
the ' bottom. 
As a rule the higher terrace seen in Cherokee' county is not 
prominent, but appears at many points as ' jutting headlands , 
which 'are .often capped with gravel. Such occurrences may be 
seen in sections 14 and 23, Union township, and also in s'eetion: 
27 ' west O'f the river. These headlands stand sixty to,;eighty 
feet above the river. In Ida county they appear east , of the: 
river in ' the northwest sections and also on Ashton creek.,. 
, The high terraces increase in importance ag, they are"tJJacedc 
up ' Pierson creek and its tributaries. They appear ,as a .low 
bench in northeast 'section 17, Union township" whe'J:e. a pit is . 
open along the creek, and continue southward along. Piersop. 
creek all the way to ' Correctionville. This ter:r:ace is alway:s . 
prominent-sometimes drift, sometimes merely, capped with, 
gravel, again all gravel-but always capped with or leading; 
back beneath the loess which covers all the hills. On the , creek. 
at the middle of the south side of section'17, ,Union township, is 
a most excellent erosion exposure which shows B'ome twenty-
five 'feet of clean gravel under ten feet of loess. Gravels show 
in the roads at many places, e. g'., southwest , 21, southeast 28, 
south 27 and north 34, Union township. The outcrop last men-
tioned is owned by John Fleming, is the largest opening and 
contains the best and most accessible materials, The sand and, 
gravel are usually clean and moderately fine, with few bowlders, 
but contain streaks of almost quicksand, and lenses of very fine 
sand with clay are not uncommon. These latter are, ,however, 
easily wasted. There are not over thr,ee feet of stripping at 
the most, resting on fully thirty feet of usable gravel followed 
, by a very ferruginous red coarse gravel ' which grades do-wn-
, "; , 
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ward into an u:p.usually clayey .mat.erial. Apparently there 
is an unlimited quantity available, and it is readily accessible 
to the Ohicago and North Western railroad. 
Along Pierson creek there is also a lower bench noticeable 
south of the stream in s-ection '28, Union township, where its 
exact relation to the Little Sioux benches is not clear. It seems; , 
however; to be composed almost entirely of gravel and sand. 
In southwest Union township th~re are enormous quantities of 
gravel and sand along the creek. Far up on the hillside near 
the nqrtheast corner of section 14 is' a large pit which shows 
a few feet of sand overclean .stratified gravel. 
Above Oorrectionville, and especially to the west of the Sioux 
and north of Pierson creek the gravels fo;rm a conspicuous plat-
form fully -fifty feet above both streams . . T:Q.~re is practically 
no covering over the ' gravel, which crc;>ps OJIt in prominent es-
carpments and is so near the surface that ' there is scarcely 
sufficient soil for tillage. 
Two pits, those of Welch Bros., in southeast 28, and of MO,ran 
and Hempel in northeast 20, Uillon township, have been opened : 
quite recently. The first is a clean exposure with. very light 
stripping on the valley end of a ridge. Fifteen to eighteen feet 
of gravel are open, finer and with more sand and cross-bedding 
at ·top, but ,coarser below. Moran and He~:pel have a . large 
opening~ but except at the very point of -the hill the depth of 
cover runs' up to six or eight feet. They have confined their 
development work to the edge of the hill where the cover is 
thin. As a rule; the gravel seems coarser, here, running coarse 
a.t top and :fine 'below. There are about eighteen feet of gravel 
resting upon blue till with an iron-stained. band at the top. 
So~th of Oorrectionville the lower terrace is of wide expanse, 
at the town east ·· of the river and on the concave sides of curves 
all the way to section 8, Miller township, south of Anthon. The 
latter, town is on a terrace which seems to be not over fifteen ' to 
eighteen feet above water.' 
, At Anthon, in west section 33 of Kedron township, there are 
. tbree feet of black alluvium to strip. Below this are three and 
a 'half' f~et '~r'coarse iron-stained clayey gravel with little sand, 
WOODBURY COUNTY 619 
I,. 
.'. 
WOODBURY COUNTY 621 
and then four feet of cross-bedded, nicely banded clean gravel 
with coarse sand, the largest pebbles being not over an inch 
or s'0 in diameter. Underlying this are five feet of clean gravel 
down to talus and perhaps to six or eight feet above water. At 
the Gilleas opening on the railway in southwest 15, l(edron 
township, there are fully twenty feet of good material'available 
under but little cover. 
Farther south than this the lower gravels do not appear 
conspicuously, but the bench blends gradually into the flood 
plain of the river. It is likely, however, that fragments of this 
bench occ,ur to the south county line or farther although not 
noticeable. 
The upper (sixty to seventy-foot) terrace ,is evident as jut-
ting promontories at many places on both sides of the stream. 
These are particularly noticeable in sections 21, 28 and 34 of 
Kedron township and in section 4, Miller township, on Wright 
creek. These benches are sometimes gravelly, but not invar-
iably so. I 
Rew.orked Materials.-Mis-souri river has immense beds and 
bars of sand (mostly quicksand) in its channel the whole way 
across the county. Although there are enormous quantities of 
material in these beds they are unimportant from a practical 
standpoint, as there are many conditions which prevent their 
economical removal. 
~and bars also occur along Little Sioux in varying quantities, 
'but the presence of .so much more reliable deposits in the ter-
races renders them of little importance. 
Miscellaneous Deposits.-It is not uncommon in parts of the 
county where erosion forms are abrupt, as near the mouths of 
all streams coming into Little Sioux, to find outcropping at the 
base of the loess a very coarse quartzitic bowlder bed, some-
times resting on drift and again on top of beds of red gravel or 
sand. Such may be' noted in section 17 of Union township, and 
at other points along branches of Pierson creek. They are also 
seen in the lower courses of Bacon, Wright and Plumb creeks 
and at many points along the west side of the valley. These are 
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different from the high terrace gravels. At many points along 
the bluffs on the east side of Missouri river g,ravel and sand 
are to be seen outcropping from under the loess. As a rule, this 
material is available in only small quantities, if at all. Wher~ 
attempts are made to .recover it a sort of crude mining system 
is used. ' The gravel is removed from .under the loess, which 
varies in depth up to forty or fifty feet in places, and work 
usually stops when the loess caves down. Sometimes timbering 
is done,· but this is not commonly t}:le case. 
In the vicinity of Sioux City the upland is covered with a thick 
veneer of loess. The loess here, as in adjoining counties, seems 
to be quite generally underlain by sand, which is rarely exposed 
except artificially and is not worked to any. extent because of 
the great expens-e of stripping. This is the only local source of 
sand, so most of what is used is shipped from Correctionville. 
In sp~aking of the subloessial sands and gravels, Mr. H. F. 
Rain, in hisl report* on Woodbury county in 1896, says, "At 
some time in the period between the retreat of the Cretaceous 
sea and the advent of glacial conditions, at least a part of W ood-
bury county was covered by a shallow lake. The deposit~ made 
at this time are shown under the later glacial deposits in the pits 
at Riverside: 
FEET. 
Loess, usual character, variable thickness .. , , . ... . , , . . . . . . 30 
Clay, plastic, brown, weathering yellow along j·oints, usually 
free from grit; pebbles rarely found .. .. ........ , . . ... . . 6 
Gravel,erratic drift pebbles. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . lh 
Sand, fine, white and even·grained, with small granitic ·peb· 
bles; .no distinctly northern gravel. " . : .. .. ...... . . .. ... 12 
"The lake deposits consist of fine to coarse white sand contain-
ing occasional small pebbles, in the main granitic with chips of 
wood and a few fossils. The pebbles found are of small size, 
water-worn, and of such type that they might readily come from 
£ither the west or the north. There are, as: far as careful search 
reveals-, no distinctively northern rocks present, and certainly 
no rocks showing ice action. The general character of the sand 
is much like that of the Miocene or Pliocene beds found a few 
miles west in Nebraska and South Dakota." In the beds, of 
"Iowa Geological Survey, Vol. V, p. 243. 
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which the section given by Bain is typical, the sand and gravel 
are usually mixed together so that neither can be used without 
screening. 
Along the loess escarpment stretching southeast from Sar-
gent Bluff there are occasional exposures of gravelly drift 
cropping out from beneath the loess. Gravel was once taken 
from the bluff at this latter place, but the pit was abandoned 
when the loess cover 'reached a thickness of twenty feet. East 
of Hornick the beds have been opened up at one o~ two places 
and s'and and gravel for local consumption are being removed. ' 
A very old and quite coarse gravel appears about 150 feet 
above the Missouri bottoms in sections 24 and 25, Orange town-
ship. ' The gravel is much iron-sta~ned, and some of the pebbles 
can be' crushed in the hand. A lower and finer gravel outcrops 
in section 31, Westfork township. This material has a newer 
appearance and is entirely different from the high gravel men-
tioned ,above. There may possibly be as much as twenty-five ' 
feet of the gravel under two feet of loess at the outcrop, but the 
cover rapidly becomes much deeper. It would seem, however, 
that several hundred yards of gravel suitable for roads could 
be removed 'before the cost for stripping would become pro-
hibitive. 
STONE. 
(For notes on stone see Plymouth County.) 
WORTH COUNTY. 
SAND AND GRA. VEL. 
The Wisconsin drift covers the northwest two-fifths of Worth 
county. The Altamont moraine, with its knobs and hillocks, 
stretches diagonally from Fertile to N orlhwood township. 
Sands and gravels in abundance occur along Lime creek and ' 
its immediate tributaries, Willow and Winans creeks. The 
gravel terrace rises from ten to twenty feet above the bottom 
land, reaches about a mile in width, and rests on a limestone 
bench, which rises a few feet above the water levei in the ereeks. 
The terrace appears only in the north bank of Lime creek 
and continues up Winans and Willow creeks a distance of one 
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and a half to two miles. These terraces are composed of fairly 
coarse materials. The granitoid bowlders . are more or less 
weathered and break down readily on exposure. Pits have been 
opened at numerous points for road and concrete materials, but 
none are being worked on a large scale at present. The gravel 
varies from ten to twenty feet in thickness and covers most of 
sections 29, 30, 32 and 33 in Danville township . and considerable 
portions of sections 25, 26, 35 and 36 in Fertile township. The 
alluvial wash covering over the gravel varies from almost noth-
ing on the breaks to three to five feet on the bench some distance 
back from the escarpment . 
. Terrace gravels are also found along Elk creek outside the 
Wisconsin drift area. Here, as in the case oJ Lime creek, the 
terrace is most prominent on the north bank. 
Occasional sand banks are found along Shell Rock river, but 
well-marked gravel terraces are unimportant, if not absent. 
Sand fiats and bars are present occasionally in nearly all of , 
the streams in the county, but are of interest only locally. 
In the morainal tract kame and esker sands and 'gravels are 
available as usual and have been developed to meet the' local ' 
demand, especially for road work. Occasional sand knobs are 
found in the upland Wisconsin plain. 
STONE. 
Limestones of the Mason City substage of the Cedar Valley 
stage outcrop in the banks of both Shell Rock river and 
Lime creek and their chief tributaries. The strata are 'similar 
in every way to their equivalents in the Mason City sections in 
Cerro Gordo county. 
On the Shell Rock a maximum thickness' of twenty feet of the 
limestone beds may be observed at the railroad bridge in section 
J of Lincoln township. . 
The following section at Foster's mill in the northeast corner 
of section 30, Union township, is typical for the Cedar Valley 
beds: 
PLATE LVIII-Lime creek terrace gravels, one and a fourth miles east of Hanlontown, Worth county. 
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FEET. 
4. Weathered limestone, crystalline, and containing numerous 
calcite cavities ....... ....... ... ............ ' ..... ,. . . • . 10 
3'. Compact, light colored, dolomitic limestone, heavy·bedded.. 4 
2. Very close textured limestone, lithographic in appearance, 
hard and breaking with conchoidal fracture. Has a very 
characteristic ring when struck with the hammer. . . . . . . . 3 
1. Argillaceous, bluish dolomite layer, exposed to water ,below 
dam ..... . ... .... .....•...... . .... ... . ..... • .. ..•..... 1 
No.4 is the Stromatopora zone which characterizes this stage 
at nearly every exposure. It is the equivalent of the beds that 
are employed for the manufacture of Portland cement at the 
Mason City plant, in the adjoining county to' the south. 
Near the south edge of section 12, Lincoln township, is a small 
quarry from which crushed stone has been taken for road 1Il:ate~ 
rial. The middle layer of the Foster mill section is the one used. 
FIG. 64-Quarry in northern Lincoln township, Worth county, showing excellent 
material f()r road and concrete work. 
Beginning in the northwest quarter of section 1, Lincoln town-
ship, is a continuous outcrop for about one-third of a mile where 
Shell Rock river flows close to the west edge of its valley anCi 
at the foot of the exposure. From a short distance below the 
railroad bridge it extends northward across the line into Kensett 
township. Th~ following is the somewhat generalized section: 
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5. Bowldery drift 
4. Badly weathered limestone, rusty red in color, no fossils, 
nodular in appearance, bedding obscure on account of 
FEET. 
2 
disintegration ' . " . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . 6 
3. Fine-textured limestone of light color, nonfossiliferous and 
containing much interstitial crystalline calcite, heavy-
bedded ........... .. ... . . . '. ... . ....................... 3 
2. Slightly . argillaceous magnesian limestone, grading down-
ward into the darker variety, breaks with earthy fracture, 
but is very hard, bedding 8 to 12 inches. .... .. .... ....... 2-3 
1. Argillaceous dolomite, that portion not adjacent to joint or 
bedding planes a dark 'blue, good building stone, to water 6 
No.4 of this section is the equivalent of the upper member in 
the Foster mill section. ' ,Below the railroad bridge a layer of 
calcareous sandstone eight inches thick appears between Nos. 3 
and 2. This is \;ery susceptible to the weathering agencies, and 
its breaking down forms a reentrant in the quarry face. 
A small quarry has been opened in the northern part of s'ec-
tion 14, Kensett township, and some stone removed to supply 
a local demand f'or the 'purpose of rough masonry. The argil-
laceous dolomite has here ' been quarried to a depth of six feet. 
A thin layer of sandy, shaly and weathered limestone occurs 
between strata of the dolomite. All .the layers shown at this 
exposure have suffered more 'or 'less from weathering and are 
of little value as building material. I 
i At Fertile an outcrop in the south bank of the stream, below 
t~e wagon bridge, gives the following ,section: 
FEET. 
3. Hard limestone, badly shattered into smal'l ,blocks by weath-
ering ................................................. 4% 
2. Arenaceous shaly limestone, very slight effervescence With 
dilute HCI .......... .. .................. . .. -. . . . . . . . . . . 8 
1. Heavy-bedded, subcrystalline, dolomitic limestone, to water 
level ........... .. .. . .... .. .......... .. ... . ........... 5 
. 
Bed No.2 gives way much more readily to weathering than 
the other members and is conspicuous as a reentrant along the 
face of the exposure. A small amount of stone has been quar-
ried at the east edge of the town in a low terrace to the north 
of Lime creek. 
Limestone outcrops along Willow creek along the roadway 
between sections 29 and 30, Danville township. A considerable 
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area is available here under light stripping. Both the white 
and the brown limestone are of excellent quality for crushed 
I 
stone productS', 
. The quarry industry of Worth county has been developed 
only to the extent of supplying, a local demand in the imme-
diate vicinities of the ' exposures of the limestone beds. Prac-
ticlJ,lly all that has been used for QjJilding purposes has been 
from .the compact, light colored stratum and the underlying 
dark magnesian layer given in the . sections . along the Shell 
Rock. The former is well suited for road material and concrete 
work, while the latter, which is the equivalent of the Mason 
City dolomite, is considered one of the best and most durable 
building stones taken from the several quarries in Cerro Gordo 
county. This stone is well exposed to a thickness of ten to 
twelve feet in the northern p~rt of Lincoln township, where 
the Chicago Great Western crosses Shell Rock river, and in a 
lQcation wher.e conditions are favorable for development. 
FIG. 65-Iowan bowlder field in northwestern Lincoln township, Worth county. 
WRIGHT COUNTY. 
SAND AND GRAvEL. 
Wright county lies wholly within the Wisconsin drift area. 
Two drainage systems are represented in the county: Iowa 
630 ROAD AND CONCRETE MATERIALS IN IOWA 
river in the eastern portion, and Boone river, the' nio'st impor-
ta:nt tributary, of Des Moines river, which drains' the western 
two-thirds of t)1e county. The former stream is the more im~ 
portant as a source of sand and gravel. Iowa river and its 
largest tributary in 'the county, West Branch, have well marked 
terraces almost throughout their courses within the confines 
.of ' the county. The terraces are best developed in the vicinity 
of Belmond, where extensive 'pits have been opened by -all of 
the I railways entering the t.own. The principal terrace varies 
from fifteen to, thirty feet above the water in the river. The 
terrace rises up stream. At Belmond it is about twenty feet 
above the river level. The usual terrace secti.on is: 
FEET. 
Alluvium , ., .. ......... .. .. . ~ : .. . .. " .. . ... " . .. . " ... ', ' '. ' .. . 1-, 3 
Sand and graver ..• "' ........ . ... . .... . , ... " .... ... " "' .12·15 
Bowlder clay, exposed at, or about 3 to '5 feet a:bove water 
level. 
Pebbles ab.ove tw.o inches in diameter are relatively rare, al-
th.ough .occasi.onal cobbles up t.o six inches in diameter are . 
present. Limest.o~e pebbles are c.onspicu.ous. Sand as a rule 
predominates. Cr.oss-bedding is common and prevails below, 
while m.ore .or less h.oriz.ontal bedding is the rule above. Tlie 
terrace attains a width up t.o .three-f.ourths of a mile .or m.orb, 
I 
, and is; persistent .on .one or b.oth sides .of the river. The grade 
of the present rive,r is l.ow ~nd the terrace rises up stream, the 
materials 'bec.oming c.ol'lrser. The t.own .of Belm.ond is in large 
part built .on the terrace. While the terrace rises relatively 
up stream when c.ompared with the present grade .of the river, 
the gravels do not thicken appreciably as the bog line bel.ow 
the gravels als.o rises. ' : 
The terrace on West Branch is almost identical with the 
, 
Iowa river terrace but rises m.ore rapidly up stream and is 
n.ot s.o well devel.oped. In section 12, Belm.ond t.ownship, the 
terrace rises s.ome f.orty feet .on the west side .of the branch, 
while the b.og line is ab.out fifteen feet above the water level. 
Between the top .of the b.og line :;l.nd the stream channel large 
bowlders are strewn .over ,the surface in s'.ome abundance. Near 
the channel the b.owlders are less c.onspicuous ' on account' .of 
• ". ) •• 'l • , " • • ,- '! . , 

• 
PLATE' LIX~Pit of the Chicago, Rock Island & Pacific Railway showing loading trap. Belmond, Wright county. 
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PLATE LX-Country pit about two and a .halt miles northwest of Belmond, Wright county. 
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natural levees of alluvium. West Branch has a steep grade-
much steeper than the river itself. There is, a pit opened in 
the extreme ;northwest corner of Belmond township. The gravel 
is coarser here than in the pits farther down stream. Tlie 
section exposed is about as follows: 
FEET. 
4. Alluvium ......... . ........ . ..... . ...... .. . . . . . . .. . .. . . . 1~, 
3. Gravel and sand, more or less -evenly bedded. . . . . . . . . . . . . .. 2-4 
2. Gravel,coarse cobbles up to four or five inches in diameter.. 2-3 
L. ,Gravel and sand, variable in texture and bedding, ... , .. '. . . . 6 
, Cross-bedding is evident in number 1 of the above section. 
The 'section as a whole affords material excellently adapted for 
road work and all save the alluvium may be used for concrete. 
The leading railway pits a're at present located in sections 
19 and 30, Pleasant township, 'and 12 in Belmond township. 
Crude methods are used for loading the material, the com-
monest of which are the team and scraper with the incline and 
platforna with trap. 
Boone river is also terraced but the terraces are less well 
developed than those along Iowa river. Pits have been opened 
in section 32, Eagle Grove township. The material is sand 
and some gravel and occasional cobbles, and contains consid-
erable clayey and silty material. The terrace here is from 
twenty-five to thirty feet above the river. Seven to ten feet 
of sand and gravel under from two to three feet' of stripping 
are available. Much coarser material appears along the road-
way in sections 18 and 19 in the s'ame township, but little 
development work has been done. The most extensive pit in 
this neighborhood is located in the northeast quarter of sec-
tion 7 on a small tributary just above its junction with Boone 
river. The gravel runs from five to seven feet in depth on a 
terrace some fifteen feet above the river level. The gravel is 
fairly coarse and much iron-stained. Limestone pebbles pre-
vail. A few bowlders are present but few of the pebbles are 
over an inch in diameter. Similar deposits are available both 
north and south of Eagle Grove township. Occasional bars 
and sand flats occur in the channel of the river, but so far as 
known gravel is scarce or wanting in such deposits. 
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The Boone river terraces afford a sufficient supply of . ma-
terial suitable for road work to meet the local demand. The 
deposits as a rule are ,not being utilized extensively. The local 
supply is not so well suited for concrete work on account of 
high percentage of silt, clay and fine sand. Most of the gravel 
used for city work in Eagle Grove is shipped in from Mason 
City and Belmond. 
In addition to terrace and stream sand and grav~l, some 
material for road work may be obtained from. kame deposits 
in the morainal tracts. Such tracts , are best developed near 
Dows, through Vernon and Blaine townships, a belt east of 
Cornelia in Grant and Belmond townships and a less important 
belt northwest of Wall lake in Wall Lake township. The kame 
gravels are much more variable in every way than are the 
stream and terrace materials. 
Wright county has enough sand and gravel not only for 
bome use but for export to less favored counties. Pits could be 
opened in the Iowa river t errace near Belmond where road 
and · concrete material cQuld be produced by the train load at 
small cost. 
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TES~S AND ANALYSES OF IOWA LIMESTONES, SANDS AND 
GRAVELS. 
Among the various properties of stone or gravel that is to 
be. used for road construction, three are of such importance as 
to determine, in most cases, the value of the materials! for the 
purpose. These three are: cementing value, toughness, and 
. . ' 
hardness. 
In order to determine the relative value of various materials 
for road construction, numerous tests ·have been proposed for 
these three properties and finally standard methods of testing 
have been adopted. The tests in themselves determine the de-
gree of the various properties possessed by a cert&.in stone, yet 
the value of the determination, so far as the suitability of the 
material ' for road construction is concerned, is' that it forms 
a basis for comparing the material with other materials that 
have been satisfactory in service: That is to say, by a careful 
study of the records of tests that have been made upon mate-
rials which have been used for road purposes, approximate 
limits may be ' determined for the various properties of the 
stone. 
Cementing Value.-By "cementing value" is meant that qual-
ity in finely broken stone which will cause it to cement togetheJ; 
when mixed with water. If broken stone or gravel possesses 
suffici~nt cementing value, a road surface made with it will 
. ~ompact r eadily under rolling, or when subjected to traffic, and 
the individual stones will be held in the surface by the cement-
ing action of the fine dust which surrounds' them. If the stone 
possesses insufficient cementing value, the pieces which make ' 
up the surfa ce will be loosened by traffic and will finally be 
dislodged. When this happens to a great number of pieces 
in the surface, a serious deterioration results. 
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The cementing value of a stone is determined as follows: 
One-half kilogram of the stone to be tested is broken to a size 
ranging from one-half inch down, and placed in a ball mill along 
with about 90 cubic . c~ntimeters of ~ater. The ball mill is 
rotated for 21;2 hours at ' 2,000 revolutions per hour. During 
this time the stone and water will be ground into a stiff paste. 
The paste is molded under pr~ssure into cylindrical briquettes 
25 centimeters in diameter and 25 em. high. The pressure 
used is the same for each briquet, ', and is usually 132 kg. per 
square Cill. cross section from the briquet. The briquets are 
cured in a uniform manner, and then subjected to repeated 
blows from a hammer weighing 1 kg. which drops a distance of 
1. em .. at each blow. The number of blows required to break 
the briquet is taken as 'a measure of the cementing value, and 
for any sample of stone the average value of five briquets is 
.taken as the cementing value of the stone. The determina-
tion is not an exact one and the conditions under which the 
test is made may affect the results very materially. ,The test 
should always be skillfully made in a laboratory so equipped 
as to enable the operator to duplicate conditions for each test. 
A cementing value below 10 is .low; from l() to 25, fair; from 
26 to 75, good; from 76 to 100, very good; and above 100, ex-
cellent. In general, satisfactory results with macadam roads 
, are not obtained if the cementing value of the stone is below 
50 and a value of 75 or more is preferable. 
Toughness.-The toughness of a stone is its- ability to re-
sist the shock of the pOUliding ·of horses' hoofs or the jar of 
heavy vehicles coming upon the stone when it is firmly bedded 
in the surface of a road. 
" Hardness.-Hardness is the property of a stone which en-
ables, it to resist the abrasive action of the steel tires on heavily 
loaded vehicles passing over the stone when it is firmly bedded 
in the surface of the road. 
, A test was devised by the Department of Bridges and High-
ways of France, which has been in use for many years for 
determining both hardness and toughness. It is!' known as 
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the "neval Test," and the results may be expressed as a per-
centage, or in terms of the French Ooefficient of Wear. 
The Deval Test .-The machine -used for the Deval test IS 
known as the Deval Machine, and consists, of two or more 
hollow cast iron cylinders 20 cm. in inside diameter and 34 cm. 
long, one end of each being provided with a cover that can -
be fastened on sufficiently tight - to retain all dust resulting 
from the operation of the machine. The cylinders are attached 
to a shaft with their ~xes at an angle of 30° with the shaft. 
The stone to be tested is placed in one of the cylinders and as 
it revolves the stone is thrown from one end of the cylinder 
to the other, thus being subjected to abrasion because. of the 
contact of the pieces with each other, and also being subjected 
to a mild blow when it strikes the ends of the cylinder. Ap-
proximately :five kilograms of the stone are used for test, and 
when possible -the charge should consist of 50 pieces as nearly 
uniform in size as may be selected. The cylinders are rotated 
for 10,000 revolutions at the rate of 30 to 33 revolutions per 
minute. When the required number of revolutions has been 
made the material is taken from the cylinders and s'Creened 
over a 1-16th inch screen and that which passes through is 
the amount of loss during the test. If the result is to be ex-
pressed in terms of per cent of wear, the per cent would be 
obtained by dividing the weight of the material which passed 
the 1-16th inch scr~en, by the weight of the original s'ample. 
If the result is to be expressed in terms of the French 00-
efficient of Wear : 
400 
French Ooefficient of Wear=--
W . 
Where W =the loss by abrasion per kg. of the original sample. 
When expressed in terms of the French Ooefficient of Wear 
a value below 8 is low; 8 to 13 is medium; 14 to 20 is high; 
and above 20 is very high. . 
The results of a number of tests for the cementing value of 
Iowa materials are given in Table III, and it will be noted 
that there are very few samples having a cementing value less 
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. , , 
than 50, while a gr'eat many of the samples have a 'cementing -
valu'e greateT than '10'0. In the column marked ' 'Maximum'''' 
is recorded the cementing value of the particular briquet whiGh 
s'howed up best and in -the column marked "Mini'murri'" 'is 
given the cementing value of the briquet which was poore'st. ' 
It will be noted that in many cases there is a Wide di:ff~'rend~ ~ 
. between 'these two values'. This is due to the fact that the ' 
test itself is, in general, inexact, and' to variations in the cori- ' 
,ditions under which ,the tests are made, such as variations in' 
room 'temperature, and variation in wetness of the original', 
briquet. In general, however, the test is sufficiently accurate' 
for ,the purpose for which it is' intended, and 'is a reliable meas~ : 
me of the cementing value of the stone tested. 
The results of the Deval test on a number of Iowa limestones 
are gi~en in Table II, and are tabulated both as' per cent of 
wear and in terms of the French Coefficient of Wear. It will 
be noted that for a great many of the samples the French 
Coefficient of Wear is less than 8. That IS to S~y, that while 
the cementing properties' of many of these materials are ' ex-
c~lle~t, the wearing properties are poor. A road constructed 
with these poorer materials will be apt to be quite dusty due 
to rapid ,wear and ,will reqllire close attention and ~ontinual 
maintenance. ' , , 
, If. ,gra:vels are~ to be used for concTete pU,rposes the ,cement- ' 
lng, yalue', hardness ,and toughness are relati:vely of little im-
PQi'tanCl:j s6 19n9 as the gravel is not a partially disintegrated 
material. The gradation of the gravel, the amount · of, clay or , 
loam present, and the amount of voids in the' pebble"s ' ~re' im-
pOTtant, howev~r. , 
In Table IV are given the re::,ults of a number of tests of 
Iowa grav~ls, in which the above properties were' determined. 
A ,;close ' study of ' ~:p.is' table will indic~te SQme sigUlficant faCts. , 
, - , "j, "', c. ,', ,, ' , 
: 'First, ' that' 'tlre pit'-r~n" gra'vefs ~re; ,eic~edin'i.lY vatiabie', in' 
composition" and for the most part C'ontain ' a 'rriilch :la-rger" p-er'~ 
c,entage 'of' sand, tJian is ' tJ.ec~,~~arj {or 'prciperii , p:roport16n~d" 
con<!'ret~: GthlCrete' made of a' fixed proporti-on 'ot 'cem:en~ a:nd 
the' -dj'ffe'i"ent - pit~ri:tn g'r·:ivels, 's\tch as :l .. to~ 4,' Wo'llld the'tefore;' 
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vary greatly in strength. It is probable that in most cases it 
would pay to screen out and throwaway the excess sand be-
fore making concrete of the gravel. The saving in cement 
by , so doing would be more than enough, in most cases, to pay 
for the cost of screening. 
Second, that the percentage of voids in the pebbles exceeds 
40% in only a few cases. Since it is, common to proportion 
concrete on a basis of 40% voids in the pebbles ("coarse ag-
gregate") it would seem that with lowa gravels this assump-
tion as to percentage of voids may safely be made. 
Third, t,he percentage of clay in a great many of the samples 
is' high, and since clay in excess of a bout 5% materially de-
creases the strength of concrete made from the materials, many 
o'f the gravels shown in this table would be unsuited for con-
crete purposes unless the clay or loam were removed by 
washing. 
The percentage of voids in the sand has no particular in-
fluence on the proportioning of thEl concrete, but the fact that 
the voids in all but a few of the sands shown in the table 
, are about the same is an indication that the sands are fairly 
uniform in quality and gradation. 
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ROAD AND :CON,CR]JTE . MAJ.'E1E'IALS IN lOW A ' 
" 
-, 
, , 
Per Cent I Per C~nt I Per ,Oent 
,. " Retained ' ' Retained ' - ' t'assed 
. . . ,on ]i-in . on ~ in. i in. 
" -. Screen- " . Screen . 'Screen 
• I. ... • , .... 
"'20 : AllahIakee- ::. _____ ..:._ :~_ LaI1Sing : ~ _____ ~~_:.._~ -, 'i3.063 ' . 11.750'· · ' - 9.187 
: 1 . Avpanoose __ ,, _____ ~"_. Centerville _____ ~ ___ ., , 82.50 15.50J 2.00: 
87 , Black Hawk. .: ________ 'cedar Falls ________ 86.0 7.4 6.6 
<,88 .. BIac'k ·Hawk-___ ~: ____ 'Laport~ · City ______ ' 84.4 . 8. . - 7.6 
. ,~~ .. Black Hawk ----~'~ --- Wate.rlop , ----~:---"' ~ 81,.1, .-;, : u:' . "" .. ~~~ .' 
Black H;:twk ---T---~" Waterlo9 -----,:-.---- 84·ii 78 Benton . __ ' ______ :: ____ ~' -Vinton ________ ~.:._..: _ 8:1.4 ·, . 9
4
3\ ' -9.3 '.1 
· ,80 , Benton ______________ 'Garrison ___________ 79.1 , 10. " ,l.0,9 
, 82 , Benton _:..~_.:. ___ ~ ___ ~_ 'Mt. Au'buri;l _____ :.. __ , ·M.O , 8.5, .... , .. 7.5 
-·rs ,~entt>n ------ :-;~--:-:-- ~hellsburg ::- :-----:---, 83. . " ,·h.. . ~:9 '; 
· 1:2 enton -------------- Shel~sburg --------- 84:4 
.:'R.cnton : ________ :.. _____ Vinton ________ .: ___ ,- , :83.Q , ::.:8,8, ' , '7 .. p; ',! 
' }}8 Bremer ---------.----;., W~yerJy ---'7 .. ~-,---,,- .84.4 '. i 176 .. 737' , "47 .. 962' . 
,. Buchanan :: __ ~ ________ Independence .. _:. _____ , · 78.74 ·" 
'.:S891 .B\ltler ·.-'---:_-:o-,-------., DUH.J.~mt '.---.-- -"-'~--- ' 81.8.· ,,9.6 .., 8,.6 ,.) Butler _______________ Greene _:___________ . 83.75 8.5 ' 7.75 
75 Cedar ___________ _____ Lowden ____________ 81.3 8.2 . 10.5 ' .-
-[:60
64
, o,e.dar ---.-:--C ---- .",.,;-- ' 9~.dar VB:ll~~ -~----. ,89·9~ 9.31 .9.76 
, Cedar _:::::. _______ ~':. ____ l'lpton , __________ ~ __ 81.4 _. 9.5 ' 9.1 
:: f. ~ .Ged'ar , -~--------.-----.- T.ipton· ,_____________ ~9>56~ <,'9.407 1.P3l 
. 3 Gedar ' _____ __ ~ ____ ~ __ ',. 'LowdeJ;l _:- __ .:_______ . 69:50-. 14.30 16.20 
'.66' . Cerro Gorddl_C:':_''':_J':_, :Mason City ' _ :.~ __ ~_..: ' lil.~ 1'l1.0 , ' 41.q · ; 
' I ~421" (~hl iClf-
t
, asaw. ----,------.-, ~~i<;kasa:w ,..,.,------ - -8845'12 ,, 99.0866 ' 46'8941 ' - v ay on _______ .:_.:. ___ .Luana ___ ~_::________ . . , " . . 
42 Clayton _____________ North M~p-;r,ego:r,:--- , 94.(17" J" 3.3 ' . 2.5 
43 (;layton ____ _________ Elkader __________ :._ ' 88.12 5.8 5:6 
24 Clayton _____________ Guttenberg ________ 75.500 15.656 8.844 
76 Clinton ______________ Clinton ':.--==-_-=____ 81.0 8.4 10.6 
21 Clinton ______________ Lyons ______ ________ 67.312 21.781 10.907 
62 Clinton --------___ ~:.= :Gl:)a~I0tt:~,:' ;:::"'fff=?T.-'-::-l}.' 82. 8.9 9.1 44 Decatur _____________ DaVIS CIty ______ ~__ 84.26 8.9 6.65 
60 Des !\'Joines ____ ----__ CasGad~. ____________ 71.~O , 16.62 11.78 
-'. 5&,' Des Moines, __ : _______ Ca cadc, ..:,-- ;:-·.:~ .:-.~- 4.' 7M8 ' , ).2:64' ,13.84 
,) 2& F~.etter --;-,--,. --r~n-~' ,1fay'et,t~ ' ~r)-i -":--"-~~--:' , ,. 65.~13 ." , 22.~:293508 ' ,: : 139'.·~0307 26'" . Fayette ' __ '_ __ ..:: _____ , __ .: Clermont .' _.!L______ · 60.562 ' D . " 
;- ' 9.~ ' .iFIoili .:- - .,.~~:_.--,-- :_ -~.,.,., Cb:ftJles' ,Ci,ty: .- ::: -:'---. ': . )99·7 ' 6.15., , , 3·ilfq 95 ' Franklin _____________ Hampton .: _________ ' 74.6 p.4 ' .• ' '14.0 . 
77 Franklin ,:_~:.. _ ~_:._____ Hampton ' ___ ' ______ ~ ' :8:4. , 6.il : 9.9,' 
.,-;~6 'Gr,qndy- -.,.- .------:.~,:_--7 , -C9nrad .;~r.;-~----- . ·84. " ,4. .. , " c :12: 
v 9' . ;Hardin _____ :.. ___ .:. ___ :. 'IOi;\ra Fans ::_,: __ ,:' ___ ~' 86:8 . 7.5 ' ' 5'.0 
i' ',97.; HowJlrd ___ L __ ~_~--- QreI'C9-, ,;,._,-;,;-:--::----- 74.9 13.3 11.8 . 
. 23 . J~cl\sqn ,--- ;;' --.--:_,,-,.--,.. M8:quol,{et~ -: __ .,, ___ . __ , 68.312 , 17.250 14.438 
-. 1:1 Jackson __ :. ___ ~_!. _. ___ Maq:uoketa . '-________ : 69,469 , ' 17.750 12.781 
· -. '2 , ' J'ackson , '-_.:._~ _______ .. _ Mqnmouth .~ _______ _ .: 43:00 . 24.00 ' 33.00' 
93 Jobnso n ' ______ : _ ~ ____ Iowa' City ' __ ~ __ -: ____ 84.8' ,. 8.6 ' : 6:6 , 
91 Johnson _____________ Iowa City __ .:::: _____ :. :.:. _____ ~-- ~ _________ _____ ~~---
. 34 . Jones -_,-____________ .:._ Stpne Cjty ' __ ~ _____ ' 6.1.563 24,250 14.187 
' ;&o ·;'J.one , ~'_3 ~_.J."'-~ ____ ..: __ -Stone City, =-_______ :.c ,.77.00 ," " 15.875 .7.125 
[' 2~ .Jones .-.-.,.-.:-,----"'---- - Olin ,--.-=-. :.::-:- :_.--,.---- ._.65.~94 .' 21.~69· 12.9,37 
, 12 , Jon'es ,,--:-,.:---,. ______ ~ Hale' --:-_-: ___ : __ :-___ .. 11.906 _ 18.125-' 9:-969 
Ii' 8 '.J ones -- .:'-·- ;:T---I~r:.. - £:-- S,tone Clty ::-\- ---.-.,.-:-1 L -6Q.063 " ' 17.687 , F-4~Q 5 Jones ________________ Montic'ello _________ 84.344 10.063 5.594 
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County 
TABLE NO. I-CONTINUED 
Town 
Per Cent 
Retained 
on Ii in. 
Screen 
4 Jones ________________ 'Monticello _________ ' 78.80 
61 Lee __________________ Keokuk __ __________ 93.80 
59 Lee __________________ Ft. Madison ________ 76.67 
54 Lee __________________ Keokuk ____________ 81.86 
55 Lee __________________ Franklin __ __________ 61.50 
56 Lee _____ '-____________ Keokuk ___ ____ _____ 74.74 
57 Lee __________________ Keokuk __ __ ________ 69.44 
49 Lee __________________ Keokuk ____________ 77.6 
50 Lee __________________ Keokuk _________ ~_ 79.74 
46 Lee __________________ Montrose __________ . 39.0 
47 Lee __________________ Keokuk ____________ 44.7 
14 Linn _________________ Oedar Rapids ______ 73.25 
12 Linn ,_________________ Oedar Rapids 69.156 
90 Louisa _______________ Morning Sun _______ 84.94 
39 Madison _____________ Winterset __________ 83.38 
36 Madison _____________ Earlham ___________ 100.0 
37 Madison _____________ P eru _______________ 100.00 
96 Mitchell _____________ Osage ______________ 80.1 
67 Muscatine ___________ Fairport ___________ 78. 
98 Pocahontas ________ .__ Gilmore Oity ______ 84.50 
35 Scott ________________ Buffalo ____________ 81.0 
19 ,Scott ________________ lie Olaire ___________ 76.00 
68 Tama ________________ Montour ______ ~____ 89.75 
69 Tama ________________ Montour ___________ 84.1 
70 Tama ________________ Montour ___________ 83.6 
71 Tama ________________ Montour ___________ 87.1 
51 Van Buren __________ Keosauqua _________ 79.0 
52 Van Buren ___________ Keosauqua _________ 76.12 
53 Van Buren ___________ Farmington ________ 82.32 
29 Van Buren ___________ Farmington ________ 58.344 
30 Van Buren ___________ Keosauqua _________ 74.00 
31 Van Buren ___________ Keosauqua _________ 64.00 
32 Van Buren ___________ Keosauqua _________ 65.688 
33 Van Buren ___________ Van Buren ______ ___ 65.500 
13 Wapello ' ______ ~ ______ Oliffland ___________ 74.344 
18 Wapello _____________ Ottumwa __________ 68.938 
17 Wapello _____________ Ottumwa __________ 63.906 
16 Wapello _____________ Ottumwa __________ 73.906 
15 Wapello _____________ Ottumwa __________ 74.750 
45 Winneshiek ______ ____ Decorah _______ ~____ 75.48 
40 Winneshiek _________ Decorah ____________ 87.12 
27 Winneshiek __________ Ft. Atkinson _______ 68.812 
1 Winneshiek __________ Decorah ____________ 81.24 
38 New VIm ____________ Minnesota _______ __ 82.96 
Per Vent I Per Oent Retained Passed 
on i in. i in. 
Screen Screen 
13.30 7.90 
3.30 2.90 
11.25 11.10 
10.00 8.12 
27.50 11.00 
14.62 ' 10.62 
20.3 10.2 
15.1 6.1 
11.11 '9.10 
37.0 24.0 
42.74 2.5 
16.375 10.375 
22.187 8.657 
7.06 8. 
15.36 .65 
10.6 
6.25 
8.50 
19.0 
17.094 
5.75 
10.8 
9.5 
7.1 
10.8 
15.86 
10.17 
32.687 
17.00 
25.812 
23.812 
24.313 
9.469 
19.563 
23.906 
16.563 
15.281 
12.52 
7.46 
20.500 
9.76 
16.00 
9.3 
15.75 
7.00 
6.906 
4.5 
4.1 
6.9 
5.8 
10.2 
7.74 
6.88 
8.969 
9.00 
10.187 
10.500 
10.187 
16.187 
11.500 
12.188 
9.531 
9.969 
12.00 
5.12 
10.688 
9.00 
.5 
" 
,,' 
, 
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TABLE NO. II. 
ABRASION AND IMP AOT TESTEl 
Size of Specimens Per Cent of Wear 
No. County 
I I Screen I Retained Max . . Min. Mean Passed on 
20 Allamakee 
------..:..--- 2~ in. I Hin. 5.4 5.0 5.2 20 Allamakee 
----------
Hin. ~ in. 4.3 4.22 4.26 
7 Appanoose 
----------
2J in. Hin. 4.6 4.5 4.55 
7 Appanoose 
----------
Hin. ~ in. 12.6 13.2 12.9 
87 Black Hawk _________ 2~ in. H in. 6.2 6. 6.1 
87 Black Hawk _________ H in. :t in. 3. 2.4 2.7 
88 Black Hawk _________ . 2~ in. H in. 10.4 10. 10.2 
88 Black Hawk _________ H in. :t in. 8. 6. 7. 
73 Black Hawk _________ 2~ in. U in. 11.4 11. 11.2 
73 Black Haw.k _________ H in. :t in. 4.2 4. 4.1 
74 Black Hawk _________ 2i in. ·H in. 10.4 10. 10.2 
74 Black Hawk _________ H in. :t in. 4.4 4. 4.2 
78 Benton 
--------------
2~ in. Hin. 6.5 6.5 6.5 
78 Benton 
------ - -------
H in. :t in. 2.6 2.5 2.55 
80 Benton 
--------------
2~ in. H in. 6.6 5.6 6.1 
80 Benton 
--------------
H in. :t in. 3.4 3. 3.2 
82 Benton 
--------------
2~ in. Hin. 4. 4. 4. 
82 Benton 
--------------
Hin. ~ in. 6.2 6. 6.1 
83 Benton 
--------------
2~ in. Hin. 8.6 8.2 8.4 
83 Benton 
--------------
Hin. :t in. 5.2 4.6 4.9 
85 Benton 
--------------
2~ in. Hin. 7.4 6.6 7. 
85 Benton Hin. a ' 4. 3. 3.5 ---------- --- - 4 In. 
72 Benton 
--------------
2~ in. Hin. 6.4 6.2 6.3 
72 Benton 
--------------
Hin. t in. 3.8 3.6 3.7 
79 Bremer ______________ 2~ in. Hin. 5.4 5. 5.2 
79 Bremer ____________ ~_ H in. t in. 3. 2.4 2.7 
48 Buchanan 
-----------
2~ in. Hin. 7.0 7.0 7.0 
48 Buchanan 
-----------
Hin. t in. 4.6 4.0 4.3 
89 Butler 
--------------
2~ in. Hin. 5. 4.2 4.6 
89 Butler 
--------------
Hin. t in. 3. 2.6 2.8 
81 Butler 
---------------
2~ in. Hin. 6.2 6. 6.1 
81 Butler 
---------------
Hin. t in. 2.4 2.2 2.3 
75 Oedar 
---------------
2~in. Hin. 17.2 15.6 16.7 
75 Oedar 
--------------- Hin. t in. 9.4 8.4 8.9 
63 Oedar 
--------------- 2~ in. ' Hin. 16.2 16. 16.1 
63 Oedar 
--------------- Hin. t in. 9.8 9.2 9.5 
64 Oedar 
---------------
2~ in. .Hin. 6.4 6.4 6.4 
64 Oedar 
---------------
Hin. t in. 4. 3.4 3.7 
6 Oedar 
---------------
2~ in. Hin. 9.6 9.5 9.55 
6 ,Oedar 
--------------- Hin. t in. 6.2 5.8 6.0 
3 Oedar 
---------------
2~ in. Hin. 
-------- --------
17.5 
3 Oedar 
--------------- Hin. t in. -------- -------- 12.1 
66 Oerro Gordo 
-------- 21 in. Hin. -------- -------- 4.4 66 ---eern)- Gordo 
--------
- -Hin.-- ·- + i-n. - - 2.1 .18 1.14 
92 Ohickasaw ___________ 2~ in. Hin. 10.2 9.8 10. 
92 Ohickasaw ___________ Hin. t in. 4. 3.8 3.9 
41 Olayton 
-------------
2~ in. Hin. 8.4 8.2 8.3 
41 Olayton 
-------------
Hin. t in. 6.4 5.6 6.0 
42 Olayton 
-------------
21 in. Hin. 9.5 8.5 9.0 
42 Olayton 
-------------
Hin. t in. 
-------- -------- 4.8 
43 Olayton 
-------------
2~ in. Hin. 11.0 9.4 10.2 
Mean 
Coeffi· 
cient (F rench) 
7.70 
9.38 
8.80 
il.12 
0.56 
11.11 
3.92 
5.62 
3.57 
9.75 
3.82 
9.58 
6.16 
15.68 
6.55 
12.5 
10. 
6.55 
4.76 
8.17 
5.71 
11.42 
6.35 
10.8 
7.68 
11.11 
5.71 
9.3 
8.69 
14.28 
6.5 5 
17.39 
2.33 
4.49 
2.4 
4.21 
8 
5 6.2 
10.81 
4.18 
6.67 
2.2 
3.3 
9.0 
34.2 
4. 
10.2 
4.8 
6.6 
8 
1 
9 
5 
2 
4.4 
8.3 
3.9 
• 
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TABLE NO. II-CONTINUED 
Size of Specimens Per Cent of Wear Mean 
Coeffi-No. County I Retained I I cient Screen Max . Min. Mean (French) Passed on 
43 Clayton _______ 010 _____ Hin. tin. 5.0 4.6 4.8 8.3 
24 Clayton 
-------------
2! in. Hin. 5.8 5.5 5.65 7.08 
24 Clayton 
-------------
Hin. tin. 5.0 4.8 4.9 8.17 
76 Olinton 
--------------
2! in. Hin. 13. 11. 12. 3.33 
76 Olinton ______________ Hin. tin. 6. 5. 5.5 7.27 
21 Olin ton ______________ 2!in. Hin. 10.60 8.50 9.55 4.18 
21 Olinton ______________ Hin. t in. 9.10 9.00 9.05 4.42 
62 Clinton ______________ 2! in. Hin. 10. 9.4 9.7 4.12 
62 Olinton ______________ Hin. tin. 17.2 17. 17.1 2.34 
44 Decatur 
-------------
2i in. Hln. 4.8 2.6 3.7 10.8 
44 Decatur 
-------------
Hin. tin. 3.2 2.4 2.8 14.3 
60 Des Moines __________ 2! in. Hin. 8.0 7.0 7.5 5.33 
60 Des Moines __________ Hin. tin. 5.8 5.0 5.4 7.4 
58 Des Moines __________ 2! in. Hin. -------- -------- 12.4 3.22 
58 Des Moines __________ Hin. t in. ------- - -------- 8.4 4.76 
28 Fayette ______________ 2! in. Hin. 6.5 5.8 6.15 6.51 
28 Fayette ______________ Hin. tin. 7.1 6.7 6.!! 5.80 
26 Fayette ______________ 2! in. Hin. 20.1 16.4 18.25 2.195 
26 Fayette ______ :.. _______ Hin. t in. 15.52 14.82 15.17 2.64 
94 Floyd ________________ 2! in. Hin. 8.4 7.8 8.1 4.94 
94 Floyd ________________ Hin. tin. 5.4 3.4 4.4 9.1 
95 Franklin _____________ 2! in. Hin. 12.2 10.6 · 11.4 3.5 
95 Franklin _____________ Hin. tin. 5.6 4.6 5.1 7.34 
77 Franklin _____________ 2! in. Hin. 11.4 10. 10.7 3.73 _ 
77 Franklin _____________ Hin. tin. 5.2 5. 5.1 7.84 
86 Grundy ___________ ___ 2! in. Hin. 10.4 10. 10.2 3.92 
86 Grundy ______________ Hin. t in. 5. 4.6 4.8 8.33 
9 Hardin 
--------------
2~ in. Hin. 
-------- --------
5.1 7.8 
9 Hardin 
--------------
Hin. tin. 
-------- -------- 3.2 12.2 
97 Howard 
-------------
2~ in. Hin. 7.8 7.6 7.7 5.19 
97 Howard 
-------------
Hin. tin. 13.4 8. 10.7 3.74 
23 Jackson 
-------------
2~ in. Hin. 10.3 10.1 10.2 3.92 
23 Jackson 
-------------
Hin. tin. 7.1 6.8 6.95 5.76 
It Jackson 
-------------
2~ in. Hin. 12.5 11.5 12.0 3.33 
11 Jackson 
-------------
Hin. t in. 13.2 13.2 13.2 · 3.04 
2 Jackson 
-------------
2~ in. Hin. 
- ------- --------
10:2 3.9 
2 Jackson ---- ... -------- Hin. tin. -------- -------- 6.45 6.2 
93 Johnson 
-------------
2~ in. Hin. 8.4 8.2 8.3 4.82 
93 Johnson 
-------------
Hin t in. 
-------- --------
5.0 - 8. 
91 Johnson 
-------------
2tin. H-in. 
-------- --------
4.2 9.76 
91 Johnson 
-------------
Hin. tin. 3.4 -3.- -3.2 12.5 
34 Jones 
----------------
2~ in. Hin. 7.0 6.6 6.8 5.88 
34 Jones 
----------------
Hin. tin. 5.0 4.0 4.5 8.78 
25 Jones 
----------------
2~ in. Hin. 4.2 4.1 4.15 ' 9.64 
25 Jones 
----------------
Hin. tin. 3.5 3.46 3.48 11.50 
22 Jones ________________ . 2~ in. -Hin . 17.62 17.42 - 17.52 2.28 
22 Jones .:. _______________ Hin. tin. 13.2 12:8 13.0 3.08 
10 Jones --------~------- 2~ in. . Hin. 7.0 - 6:6 - 6.8 , 5..88 10 Jones 
----------------
Hin. tin." . 7.2 6.8 7.0 5.71 
8 J one~ ________________ 2~ in. Hin. ' 12.44 - 9.56 10.00 4.00: 
& Jones --________ .: _______ H in. tin. 11.9 -- 11.8 -- 11:85 r '. 3.38 5 Jones 
----------------
2! in. -Hin. 10.72 - -- 10:50 1M1 3.71 
5 ' Jones 
----------------
Hin. tin. 7.16 - ---6:10 ' 6.63 , 6.04 
, 
--
4 Jones _______________ _ 
-. 2t lD. J HlD. -- _. -. _- - 7.9 5.07 
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TaBLE NO. II-CONTINUED 
Size of Specimens Per Cent of Wear I Mean Uoelli-No. County 
I j I I ciem Screen Retained Max. Min. Mean (French) Passed on 
4, Jones 
----------------
H in. ! in. 
-------- --------
6.1 6.56 
61 Lee 
---- --------------
2! in. Hin. 7.4 7.0 7,2 5.5 
61 Le,e 
------------------
Hin. ! in. 4.0 3.8 3,9 10.2 
59 Lee 
------------------
2t in. Uin. 
-------- --------
8.2 4.87 
59 Lee 
------------------
Hin. ! in. 
-------- --------
6,6 6.06 
54 Lee 
------------------
2t in. Hin. 
--- ----- --------
4.0 10.00 
54 Lee 
------------------
Hin. ! in. 
-------- - -------
2.5 '16.00 
55 Lee 
------------------
2t in. H in. 3.2 3.0 3.1 12.1 
55 Lee 
------------------
Hin. ! in. 2.4 2.2 2.1 19.0 
56 Lee 
------------------
2~ in. U in. 6.2 6.2 6.2 6.4 
56 Lee 
------------------
Hin. ! in. 4.8 . 4.4 4.6 8.7 
5'7 Lee 
------------------
2~ in. Hin. 
-------- --------
4.6 8.7 
57 Lee 
------------------
H in. ! in. 
-------- -------- 3.4 11.7 
49. Lee 
--- - --------------
2~ in. H in. 4.8 4.8 4.8 8.23 
49 Lee 
------------------
Hin. ! in. 4.0 3,8 3.9 10.2 
50 Lee 
------------------
2t in. H in. 7.8 7.6 7.7 5.2 
50 Lee 
------------------
Hin. ! in. 5.6 4.8 5.2 7.7 
46 Lee 
------------------
2t in. Hin. 5.0 4.8 4.9 8.01 
46 Lee 
------------------
H in. t in. 4.0 3.2 3.6 11.1 
47 Lee 
------------------
2t in. Hin. 4.8 4.6 4.7 8.5 
47 Lee 
------------ ------
H in. ! in. 3.6 3.4 3.5 11.4 
14 Linn 
- -------- --------
2t in. Hin. 9.44 5.56 7.50 5.34 
14 Linn 
-----------------
H in. t in. 8.42 4.76 6.59 6.07 
12 Linn 
--,--------------- 2~ in. Hin. 4.40 2.64 3.52 11.37 
12 Linn 
-----------------
Hin. ! in. 7.6 7.6 7.6 5.27 
90 Louisa _______________ 2t in. Hin. 7. 6.4 6.7 5.95 
90 Louisa _____ __________ H in. ! in. 3.4 3. 3.2 12.5 
39 Madison 
-------------
21 in. Hin. 4.0 3.6 3.8 10.5 
39 Madison 
-------------
H in. ! ·in. 2.3 2.2 2.25 18.0 
36 . Madison 
-------------
2~ in. Hin. 4.8 4.0 4.4 9.1 
37 Madison 
-------------
2t in. Hin. 4.0 3.6 3.8 10.5 
96 Mitchell 
-------------
2~ in. H in. 7.2 6.8 7.0 5.72 
96 Mitchell 
-------------
Hin. . t in. 4.8 4.6 4.7 8.51 
67 Muscatine 
-----------
2~ in. H in. 53. 47.8 50.4 .79 
67 Muscatine 
-----------
H in. ! in. 55. 53.6 54.3 .73 
98 Pocahontas 
---------
2~ in. Hin. 4.4 4.1 4.25 0.975 
98 Pocahontas 
---------
Hin. t in. 2.8 2.6 2.7 1.54 
35 Scott 
----------------
2~ in. Hin. 4.3 4.0 4.15 9.65 
31> . Scott 
----------------
Hin. ! in. 2.9 2.6 2.75 14.52 
19 Scott 
----------------
2~ in. Hin. 3.6 2.9 3.25 12.30 
19 Scott 
-------- - -------
U in. t in. 4.00 3.80 3.90 10.25 
68 Tama 
---------------
2~ in. H in. 5.6 5.4 5.5 7.27 
68 Tama 
---------------
H in. ! in. 2.4 2. 2.2 18.18 
69 Tama __ ___ ___________ 2t in: Hin. 8.4 8. 8.2 4.87 
69 Tama ________________ Hin. ! in. 4. 3. 3.5 11.42 
70 Tama ______ __________ 2~ in. Hin. 15.4 14. 14.7 2.72 
70 Tama ________________ Hin. !in. 10.2 6.4 8.3 4.81 
71 Tama ________________ 2~ in. Hin. 6.6 6. 6.3 6.34 
71 ' Tama ________________ Hin. ! in. 4. 3.6 3.8 10.5 
51 · Van Buren 
----------
2~ in. Hin. 9.0 8.4 8.7 4.6 
51 Van Buren 
----------
Hin. ! in. 3.6 3.0 3.3 12.1 
52 Van Buren 
----------
2~ in. Hin. 5.6 5.4 5.5 7.27 
52 · Va4 Buren 
----------
Hin. ! in. 5.2 5.2 5.2 7.7 
53 : Van ,Buren 
----------
2~ in. Hin. 
-------- - -------
6.0 6.6 
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TABLE NO. II-CONTINUED 
Size of Specimens Per Cent of Wear Mean 
No. County Coeffi· 
r I cient Screen I Retained Max. Min. Mean (French) Passed on ' 
53 Van Buren __________ Hin. tin. -------- -------- 3.6 11.1 
29 Van Buren __________ 2~ in. Hin. 4.2 4.0 4.1 9.98 
29 Van Buren __________ Hin. . t in, 3.36 3.36 3.36 H.80 
30 Van Buren 
----------
2~ in. Hin. 3.4 3.2 3.3 12.12 
30 Van Buren 
----------
Hin t in. 2.9 2.0 2.45 16.32 
31 Van Buren 
----------
2~ in. Hin. 4.60 4.30 4.45 8.99 
31 Van Buren 
----------
Hin. t in. 3.66 3.5 3.58 11.30 
32 Van Buren __ , ___ ___ __ 2~ in. Hin. 7.16 6.76 6.96 5.82 
32 Van Buren __________ Hin. t in. 6.36 5.80 6.08 6.67 
33 Van Buren __________ 2! in. Hin. 3.06 3.36 3.51 11.40 
33 Van Buren __________ Hin. t in. 2.86 2.40 2.63 15.22 
13 Wapello 
-------------
2~ in. Hin. 70.18 44.00 57.09 .702 
13 Wapello 
-------------
Uin. i in. 43.66 43.40 43.53 .918 
18 Wapello 
-------------
2~ in. Hin. 4.10 3.24 3.67 10.89 
18 Wapello 
-------------
Hin. t in. 3.0 2.80 2.90 13.80 
17 Wapello 
-------------
2~ in. Hin. 3.60 3.50 3.55 11.28 
17 Wapello 
-------------
Hin. t in, 3.30 2.40 2.85 14.03 
16 Wapello 
-------------
2! in. Hin. 3.20 2.84 3.02 13.25 
16 Wapello 
-------------
Hin. t in. 2.44 2.00 2.22 18.02 
15 Wapello 
-------------
2~ in. Hin. 4.44 3.3 3.87 10.63 
15 Wapello 
-------------
Hin. t in. 2.5 2.0 2.25 17.78 
45 Winnesbiek __________ 2~ in. Hin. -------- -------- 6.00 6.6 
45 Winnesbiek ____ ' ______ Hin. t in. -------- -------- 3.5 11.4 
40 Winnesbiek __________ ' 2~ in. Hin. 5.6 5.4 5.5 7.45 
40 Winnesbiek __________ Hin. t in. 4.0 4.0 4.0 8.00 
27 ' Winnesbiek __________ 2i in. Hin. 5.45 5.10 5.27 7.58 
27 Winnesbiek __________ Hin. tin. 4.3 3.9 4.1 9.98 
1 Winnesbiek __________ 2i in. Hin. -------- -------- 13. 3.08 
1 Winnesbiek _______ . __ Hin. t in. -------- -------- 8.3 4.81 
38 New Ulm, Minn. _____ 2~ in. Hin. 1.4 1.2 1.3 30.7 
38 New UIm, Minn. _____ Hin. tin. 1.0 0.7 0.85 49.0 
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T .ABLE NO. III. 
CEMENTATION TESTS. 
~~-=========7===========~======~====== 
Cementing Value 
o. 
Town ------,-------,------
Maximum f Minimum J Mean 
~",.--------------.-C-------------_+------" 
County 
20 Allamakee __________ Lansing ____________ 109 65 82 
7 Appanool'le __________ Centerville _________ 75 56 65 
87 Black Hawk ________ Cedar Falls ________ 600 300 450 
88 Black Hawk ________ Laporte City _______ 30 10 20 
73 Black Hawk ________ Waterloo __________ 900 510 754 
74 Black Hawk ________ Waterloo __________ 600 310 470 
78 Benton ______________ Vinton __________ ___ 256 114 185 
80 Benton ______________ Garrison ___________ 552 405 492 
82 Benton ______________ Mt. Auburn ________ 1290 908 1099 
83 Benton ______________ Shellsburg _________ 460 304 362 
85 Benton ______________ Shellsburg _________ 470 200 335 
72 Benton ______________ Vinton _____________ 300 98 182 
79 Bremer ______________ Waverly ____________ 894 402 670 
48 Buchanan ___________ Independence ______ 180 80 130 
89 Butler _______________ Dumont ____________ 90 10 50 
81 Butler _______________ Greene _____________ 514 448 467 
75 Cedar ________________ Lowden · ____________ 103 74 86 
63 Cedar ________________ Cedar Valley _______ 96 25 59 
64 Cedar ________________ Tipton _____________ 325 112 233 
6 Cedar ________________ Tipton _____________ 360 200 295 
3 Cedar ________________ Lowden __ __________ __________ __________ N: G. 
66 Cerro Gordo ________ Mason City ________ * ___________________ _ 
92 Chickasaw __________ Chickasaw _________ 3o.. 12 21 
41 Clayton , _____________ Luana ______________ 162 112 146 
42 Clayton _____________ North McGregor____ 66 50 58 
43 Clayton _____________ Elkader ____________ 400 100 292 
24 Clayton _____________ Guttenberg _________ 198 60 105 
76 'Clinton ______________ Clinton _____________ 430 • 240 . 329 
21 Clinton ______________ Lyons _~-~~---,_--.~-~ 25 . 15 20 
62 Clinton ______________ Charlotte __________ 110 39 67 
44 Decatur ______________ Davis City _________ 125 75 100 
60 Des Moines __________ Cascade ____________ 87 31 65 
58 Des Moines __________ Cascade ____________ 20 11 15 
28 Fayette ______________ Fayette ____________ 220 180 200 
26 Fayette ______________ Clermont __________ 19 8 14 
94 Floyd ________________ Charles City _______ t ___________________ _ 
'95 Franklin _____________ Hampton __________ :j: ___________________ _ 
77 Franklin _____________ Hampton __________ 308 245 273 
'86 Grundy ______________ Conrad _____________ 220 40 130 
9 Hardin ______________ Iowa Falls _________ 200 125 168 
'97 Howard _____________ Cresco ____________ 40 20 30 
23 Jackson _____________ Maquoketa _________ 70 26 43 
11 Jackson _____________ Maquoketa _________ __________ __________ N. G. 
2 Jackson _____________ Monmouth _________ 31 25 28 
93 Johnson _____________ Iowa City __________ 468 300 384 
91 Johnson _____________ Iowa City __________ 230 160 195 
34 Jones ________________ Stone City _________ 140 30 87 
25 . Jones ________________ Stone City _________ 280 91 173 
22 Jones ________________ Olin ________________ 10 f) 7 
10 Jones ________________ Hale _______________ 20 15 17 
8 Jones _____ ,, __________ Stone City _________ 25 12 16 
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TABLE NO. III-CONTINUED 
Oementing Value 
No. County Town 
Maximum j Minimum 
5 
4 
61 
59 
54 
55 
56 
57 
49 
50 
46 
47 
14 
12 
90 
39 
36 
37 
96 
67 
98 
35 
19 
68 
69 
70 
71 
51 
52 
53 
29 
30 
31 
32 
33 
13 
18 
17 
i6 
15 
45 
40 
27 
1 
38 
Jones 
----------------
Monticello 
---------
112 
Jones 
----------------
Monticello 
---------
18 
Lee 
------------------
Keokuk 
------------
112 
Lee 
------------------
Ft. Madison ________ 237 
Lee 
------------------
Keokuk _____________ 180 
Lee 
------------------
Franklin ____________ 85 
Lee 
------------------
Keokuk _____________ 160 
Lee 
------------------
Keokuk _____________ 245 
Lee 
--------------- ---
Keokuk _____________ 300 
Lee 
------------------
Keokuk. _____________ 75 
Lee 
------------------
Montrose 
----------
325 
Lee 
------------------
Keokuk _____________ 600 
Linn 
----------------
Oedar Rapids 
------
185 
Linn 
----------------
Oedar Rapids 250 
Louisa 
--------------
Morning Sun _______ 225 
Madison 
-------------
Winterset 
----------
100 
Madison 
-------------
Earlham 
-----------
72 
Madison 
-------------
Peru 
---------------
152 
Mitchell 
-------------
bsage 
--------------
274 
Muscatine Fairport * 
----------- -----------
Pocahontas 
---------
Gilmore Oity _______ 375 
Scott 
----------------
Buffalo 
------------
127 
Scott 
----------------
LeOlaire ____________ 160 
Tama 
---------------
Montour 
-----------
285 
Tama 
---------------
Montour 
-----------
425 Tarna ________________ Montour 
-----------
168 
Tama 
---------------
Montour 
-----------
334 
Van Buren 
----------
Keosauqua 
---------
50 Van Buren ___________ Keosauqua 
---------
200 
. Van Buren 
----------
Farmington 
------- 110 
Van Buren 
----------
Farmington 
-------
150 
Van Buren 
----------
Keosauqua 
---------
219 
Van Buren 
----------
Keosauqua 
---------
300 
Van Buren 
----------
Keosauqua 
---------
61 
Van Buren 
----------
Van Buren 
---------
271 
Wapello 
-------------
Oliffland 
---------- ----------Wapello 
-------------
Ottumwa 
----------
Wapello 
-------------
Ottumwa 
----------
Wapello 
-------------
Ottumwa 
----------
Wapello 
-------------
Ottumwa 
----------Winneshiek 
----------
Decorah 
------------Winneshiek · __________ Decorah 
------------
Winneshiek 
----------
Ft. Atkinson _______ 
Winneshiek 
----------
Decorah 
------------
New VIm ____________ Minnesota 
---------
*No record-no detritus left . 
. tWould not make briquets. 
I" 
:t:Briquets crumbled at first blow of hammer; 
290 
134 
125 
42 
187 
250 
286 
18 
100 
" .. _. 
88 
15 
50 
100 
50 
60 
70 
75 
110 
50 
62 
150 
65 
51 
175 
50 
14 
25 
200 
----------325 
26 
80 
124 
236 
54 
70 
20 
50 
50 
30 
42 
69 
30 
20 
----------
70 
25 
63 
15 
100 
125 
87 
18 
50 
I Mean 
98 
16 
79 
162 
102 
72 
118 
155 
205 
59 
147 
350 
112 
123 
200 
59 
40 
73 
237 
----------350 
78 
120 
219 
366 
117 
206 
33 
111 
72 
75 
91 
208 
46 
83 
N.G. 
136 
93 
87 
26 
150 
158 
190 
18 
85 
I· 
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TABLE NO. IV. 
PERCENTAGES OF PEBBLES, SAND AND VOIDS IN . REPRESENTA· 
TIVE IOWA GRAVELS. 
Locality ~ech. Anal. Per Cent Voids Per Cent 
I 
'" 
I I 
'" 
I I 
~ OJ OJ 
" County Town :0 '0 ;.. :::; '0 -:; 0 ,t:J 
" 
.. ,t:J 
" OJ .. (3 OJ .. ~ :<; 
'" 
CL Po< en 
-
15 Allamakee ------- .. Lansing ------------ 38.0 60.8 1.2 35.0 36.0 - ----
65 Benton ________ __ __ . Vinton ------------- 21.0 76.0 3.0 38.0 36.0 -----
66 Benton ____________ Vinton ------------- 42.9 51.8 5.3 43.0 36.0 -----
67 Benton ____________ Vinton ------------- 13.9 74.6 11.5 41.0 .28.0 -----
70 Black Hawk 
------
Cedar Falls 
--------
24.9 72.5 2.6 40.0 36.0 
-----
·56 Boone __________ ___ Frazer ------------- 5.5 81.2 13.3 40.2 38.0 -----
63 Boone _____________ Pilot Mound _______ 31.5 65.1 3.4 25.9 25.2 -----
68 Bremer 
-----------
Waverly 
-----------
45.6 49.7 4.7 40.0 32.0 
-----
36 Buchanan 
---------
Independence 
------
18.4 58.9 22.7 42.0 42.5 
-----
23 .Buena Vista ------ Sioux Rapids ------ 33.6 62.3 4.1 34.0 35.0 -----
78 Buena Vista 
------
Storm Lake 
-------
30.5 58.2 11.3 4.0.0 34.0 
-----
76 Butler 
------------
Dumont 
-------- ---
41.9 51.3 6.8 41.0 32.0 
-----
105 Butler 
------------
Shell Rock 
---------
95.6 4.4 32.0 
-----
61 Calhoun 
----------
Lake City 
----------
46.0 49.3 4.7 34.7 35.0 
-----
116 Cherokee 
----------
Cherokce 
------- - ---
25.8 72.3 1.9 40.6 34.0 
-----
79 Chickasaw 
--------
Ionia 
--------------
32.8 57.9 9.3 42.0 33.0 
125 Clay 
--------------
Spencer 
------------
31.6 60.1 8.3 
-----
35.2 
14 . Clayton 
-----------
McGregor 
----------
99.0 1.0 
-----
36.0 
-----
13 Clayton 
-----------
Elkader 
------------
37.8 60.8 1.4 46.0 39.0 
-----
2 Clinton 
-----------
DeWitt 
------------
56.4 38.6 5.0 42.0 33.0 
120 Clinton 
-----------
DeWitt 
------------
54.9 42.5 2.6 32.9 
48 Clinton 
-----------
DeWitt 
------------
55.9 32.7 11.4 37.0 36.0 
-----
44 Clinton 
-----------
Wheatland 
---------
2.7 94.6 2.7 38.0 39.0 
-----
42 Clinton 
-----------
Clinton 
------------
99.9 .1 38.0 37.5 
-----
41 Clinton 
-----------
Albany 
------------
53.9 45.0 1.1 28.0 27.5 
-----
37 Clinton 
-----------
Clinton 
------------
84.3 15.1 0.6 32.5 32.5 
-----
49 Crawford 
---------
Denison 
------------
37.0 60.4 2.6 33.0 38.0 
-----
12 Decatur ----------~ Leon --------------- 5.8 91.2 3.0 41.0 37.0 -----
11 Decatur 
------- ----
J)elCalb _____________ 4.3 91.7 4.0 38.0 39.0 -----
10 Decatur 
-----------
Leon 
---- -----------
8.6 89.6 1.8 42.0 40.0 
- ----
33 . Delaware 
---------
Manchester _________ 13.4 81.1 5.5 28.0 30.0 
- ----
35 Des Moines 
-------
Flint River Twp. ___ 35.1 62.9 2.0 35.0 36.0 
-----
16 Dubuque 
----------
Dubuque 
-----------
0.7 97.8 1.5 38.0 34.0 
-----
106 Emmet 
-----------
Ar:qJ.strong _________ 91.0 .9.0 
- ---- -----
3 Fayette 
-----------
Clermont __________ 25.8 66.4 7.8 40.0 37.0 
- ----
~ Fayette 
-----------
Clermont ___________ 33.1 56.7 10.2 46.0 42.0 
-----
7 Fayette 
-----------
Clermont ___________ 66.1 26.7 7.2 40.0 36.5 
-----
17 Fayette 
-----------
Clermont 
----------
48.7 50.8 0.5 38.0 36.0 
-----
18 Fayette 
-----------
Clermont ___________ 4.4 95.1 0.5 36.0 34.0 
-----
'34 Fayette 
-----------
Oelwein 
------------
1.4 92.3 6.3 33.5 37.5 
-----
81 Floyd 
-------------
Charles , City 
-------
32.6 60.7 6.7 39.0 28.0 
-----
'73 Floyd 
-------------
Marble Rock 
-------
52.4 45.9 1.7 40.0 35.0 
-----
92 Franklin 
----------
Hampton 
----------
. 40.1 55.4 4.5 45.0 31.0 
-----
84 Franklin 
----------
Sheffield 
-----------
22.3 72.7 5.0 40.0 33.0 
-----
51 . Greene 
------------
Grand Junction _____ 30.9 65.1 4.0 32.5 32.2 
101 Greene 
------------
Grand Junction _____ 24.8 72.0 3.2 
----- - ----
37.0 
102 Greene 
------------
Grand Junction _____ 44.3 46.4 9.3 
----- -----
46.6 
103 Greene 
------------
Grand Junction _____ 30.7 67.1 2.2 
----- ----- 34.0 
o 
Z 
104 
50 
108 
109 
126 
89 
71 
87 
88 
90 
93 
40 
94 
80 
115 
117 
118 
127 
128 
25 
69 
1 
129 
130 
107 
82 
27 
132 
38 
123 
39 
53 
95 
119 
8 
75 
91 
121 
122 
6 
113 
114 
55 
59 
54 
74 
20 
9 
4 
110 
22 
'. 
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TABLE NO. IV-CONTINUED 
Locality Mech. Anal. Per Cent Voids Per Cent 
I '" I I II I '" '" ... County :0 'C 'C '" Town ... -;; .a '" .. '" <11 .. 6 .. :il p.. C1.l C1.l 
, 
Greene ____________ Grand Junction_____ 37.6 59.2 3.2 _____ 32.0 
Greene ____________ Jefferson __________ 17.6 81.0 1.4 34.0 37.0 ____ _ 
Greene ____________ Jefferson __________ 37.5 60.3 2.2 _____ _____ 29.6 
Greene ____________ Jefferson ___ L _____ 41.9 54.8 3.3 _____ _____ 29.1 
Greene ____________ Jefferson __________ 14.5 85.2 0.3 _____ 30.0 
Grundy ___________ Grundy Center ______ 43.9 52.9 3.2 41.0 27.0 ____ _ 
Grundy ___________ Wellsburg __________ 42.1 45.4 12.5 43.0 30.0 ____ _ 
Hamilton _________ Kamrar ____________ 46.6 41.1 12.3 40.0 33.0 ____ _ 
.Hamilton _________ Webster City ______ 59.3 39.2 1.5 40.0 35.0 
Hamilton _________ Webster City ______ 15.0 77.8 7.2 40.0 33.0 ____ _ 
Hardin ___ _________ Ackley _____________ 44.6 50.9 4.5 41.0 34.0 ____ _ 
Hardin ____________ Gifford ____________ 18.5 78.5 3.0 35.0 35.0 ____ _ 
Harrison __________ Pisgah ____________ ~ 28.1 69.4 2.5 36.0 34.0 ____ _ 
Harrison __________ Missouri Valley ____ 48.4 42.1 9.5 37.0 26.0 ____ _ 
Humboldt ________ Humboldt ______ ___ _____ 98.4 1.6 _____ 35.0 ____ _ 
Humboldt ________ Humboldt _________ 27.2 69.8 3.0 _____ _____ 30.7 
Humboldt ________ Humboldt ______ ___ 35.4 61.3 3.3 __________ • 33.5 
Humboldt ________ Humboldt _________ 5.8 92.6 1.6 _____ _____ 33.4 
Humboldt ________ Humboldt _________ 9.2 89.0 1.8 _____ 31.5 
Ida __________ .: _____ Ida Grove __________ 10.1 87.6 2.3 42.0 30.0 ____ _ 
Iowa ______________ South Amana ______ 10.2 86.5 3.3 42.0 37.0 ____ _ 
Jackson ___________ Maquoketa ________ 15.8 82.5 1.7 38.0 35.0 
Jones _____________ Oxford Junction ____ 25.0 13.2 1.8 _____ _____ 30.0 
Jones _____________ Oxford Junction ____ 17.8 79.0 3.2 _____ 32.3 
Kossuth ______ ~ ____ Algona _____________ 31.2 67.0 1.8 34.5 ____ _ 
LYon ______________ Rock Rapids _______ 25.4 65.1 9.5 37.0 31.0 
Lyon _____________ Doon _______________ 23.8 74.3 1.9 38.0 32.0, ____ _ 
Madison ___________ Sec. 19. Monroe Twp. 27.1 61.9 11.0 _________ _ 
Mahaska __________ Eddyville ___________ 23.9 74.7 1.4 34.0 35.0 ____ _ 
Mahaska _________ White City _________ _____ 98.0 2.0 33.0 ____ _ 
Marion ___________ Tracy ______________ 10.8 84.9 4.3 33.0 33.0 ____ _ 
Marshall __________ Clemons ___________ 43.4 53.5 3.1 34.5 33.0 ____ _ 
Marshall __________ St. Anthony ____ :...___ 46.6 53.4 ______________ _ 
Marshall __________ St. Anthony ________ 54.7 42.8 2.5 28.8 
Mills ______________ Pacific Junction____ 11.8 86.5 1.7 ' 34.0 34.0 ____ _ 
Mitchell __________ Osage ______________ 38.1 57.1 4.8 45.0 37.0 ____ _ 
Monona ___________ Mapleton __________ 9.0 85.3 5.7 43.0 30.0 
Monona ___________ Blencoe ____________ 8.3 88.9 2.8 __ ___ _____ 32.0 
Monona ___________ Rodney _____________ 14.8 84.0 1.2 _____ 36.0 
Montgomery Red Oak ___________ 7.5 88.9 3.6 41.0 40.0 
Muscatine _________ Muscatine __________ 34.6 64.4 1.0 _____ _____ 26.8 
Muscatine _________ Muscatine __________ 39.9 58.7 1.4 29.0 
Muscatine _________ Muscatine __________ _____ 94.0 6.0 38.0 .39.0 ____ _ 
Muscatine _________ Nichols ____________ 8.4 84.8 6.8 37.0 35.0 ____ _ 
Muscatine _________ Orono Twp. ________ 24.4 73.8 1.8 36.0 35.5 ____ _ 
O'Brien ___________ Paullina ____________ 33.7 62.6 3.7 41.0 33.0 ____ _ 
Osceola ___________ Sibley _____________ ~ 21.7 70.5 7.8 42.0 29.0 ____ _ 
Page ______________ Clarinda ___________ 4.6 93.5 1.9 44.0 37.0 ____ _ 
Plymouth ________ Le Mars ____________ 8.0 89.7 2.3 38.0 33.0 
Polk ______________ Des Moines ________ 7.4 90.8 1.8 _____ _____ 31.1 
Sac _______________ Early _______________ 19.7 79.0 1.3 39.0 35.0 ____ _ 
42 
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TABLE NO. IV-CONTINUED 
Locality Mech. Anal. Per Oent Voids Per Cent. 
I 
., 
I I 
'" 
I I 
~ .. .. 
County Town :0 . 
"" 
... :0 
"" 
.a 
ci ,0 " os 
,0 
" 
M 
<II ' os 6 <II os il z 
'" 
en 
'" 
en 
52 Scott 
-------------
Davenport 
---------
1'.9 97.5 0.6 38.0 36.0 
-----
62 Story 
-------------
Ames 
--------------
36.6 59.9 3.5 25.8 ' 25.4 
86 Tama 
-------------
Clutier 
-------------
39.8 55.2 5.0 42.0 35.0 
-----
64 Tama 
-------------
Montour 
-----------
23.7 73.0 3.3 40.0 33.0 
-----
32 Van Buren 
-------
Farmington ________ 24.2 73.8 2.0 37.0 36.0 
-----
31 Van Buren ________ Farmington ________ 12.8 86.6 0.6 37.0 . 34.0 -----
29 Wapello 
----------
Ottumwa 
----------
27.6 72.2 0.2 35.0 35.0 
-----
131 Wapello 
----------
Ottumwa 
----------
90.1 9.9 
----- ----- -----
58 Webster 
----------
Badger _____________ 33.0 56.6 10.4 33.0 32.0 
-----
57 Webster 
----------
Fort Dodge 
--------
32.0 64.7 3.3 30.0 28.0 
19 Woodbury 
--------
Correctionville 21.3 75.6 3.1 41.0 36.0 
-----
28 Woodbury 
--------
Correctionville _____ 44.5 54.9 0.6 39.0 3Q.O. 
-----
72 Woodbury 
--------
Correctionville ___ __ 23.7 73.8 2.5 39.0 34.0 
124 Woodbury 
--------
Sioux Oity _________ 30.6 61.4 8.0 
----- - ----
32.1 
43 Worth 
------------
Hanlontown . _______ 42.6 52.3 5.1 35.0 34.2 
-----
47 Worth 
------------
Hanlontown 38.6 57.6 3.8 27.0 26.0 
-----
85 Wright ____________ [)ows _______________ 47.9 48.8 3.3 42.0 32.0 
-----
83 Wright ____________ Dows _______________ 24.7 70.0 5.3 38.0 30.0 
-----
4fi Wright ____________ Eagle Grove 
-------
20.9 76.5 2.6 35.0 33.0 
-----
4" Wl'ill'ht ____________ Belmond 
-----------
35.8 59.1 5.1 36.0 34.0 
-----
TABLE NO. V. 
ANALYSES OF LIMIDSTONES. 
., 
Location , Horizon ~ t 
'" "'''' 
., 
:0 
"" 
13" 
" 
.,- ,, 0 
,,13 £ 0_.0 " ... o£ -., 
" 
... ., C5" H .... 
Appanoose County-Rathbun ________ o _____ ___ o ______ Des Moines ___________ 9.90 6.40 83.37 
Black Hawk County-Waterloo ______________________ Cedar Valley ________ 1.92 4.20 63.59 
Breiner County- ! 
o Waverly ~ _______ .:. __ __ __________ Devonian ____________ 46034 19.90 18.33 Waverly _______________________ pevonian ____________ 2.25 1.32 88.65 Waverly _______________________ Devonian ____________ 7.74 1.67 86.80 
Section 36-Douglas township- Niagaran ____________ 1.53 0.48 54.32 Quarter Section rlin ___________ Wapsipinicon ________ 0.71 
--------
96.57 
Section 8-Polk township------ Cedar Valley ___ ______ 3.28 2.12 55.23 
Buchanan County- I 
. Independence _________________ ~apsipinicon _________ 8.14 1.20 87.36 
Cedar County- 0 0 I 0 
Cedar county __________________ t>tis ___ ____ ___________ 1.52 0.58 93.61 Rochester _____________________ Lower Davenport ____ 0.86 0.30 96.91 Rochester _________________ ____ Lower Davenport ____ 0.40 0.10 78.75 Rock Creek ____________________ Gower _______________ 0.12 0.26 55.76 Cedar Valley __________________ Gower ________________ 0.40 0.70 56.40 
Lime burning {Lime City _______ Gower ________________ 0.60 1.40 55.30 
rock ________ Cedar Valley ____ Gower ________________ 0.23 0.35 51.27 
-
Composition 
13" ,,~ ., 
°ool=l ... ", 
"0 "O~ 
".0 .c~ 
"0 .. ... 
.,,, "3-;::: 
::a" 00" 
Trace 1 ________ 
30.92 1 ________ 
4.20 0.01 
6.70 
------- -
2.35 0.86 
43.41 
--------
1.80 
--------
39.03 
--------
3.56 
--------
4.20 
--------
1.93 
--------
20.16 
--------
43085 
--------
42.60 
--------
43.00 
--------
48.09 
--------
'" 
" .. 
.,,, 
... . ~ 
"" ~'.~b.o 
0 '" 
::a 0 
--------
--------
3.82 
0.35 
1.08 
0.26 
0.51 
0.39 
0.02 
--------
--------
... -------
--------
--------
--------
--------
----
Authority 
Lundteigen 
C. E. Ellis 
Lundteigen 
Lundteigen 
C. E. Ellis 
N. Knight 
N. Knight 
N. Knight 
A. O. Anderson 
N. Knight 
N. Knight 
N. Knight 
N. Knight 
N. Knight 
N. Knight 
N. Knight 
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Cedar Valley __________________ Coggan ______________ 1.20 0.90 58.20 Cedar county _'- ________________ Otis __________________ 0.24 0.34 96.73 Cedar county __________________ Wapsipinicon ________ 18.66 2.00 58.21 
Cerro Gordo County-
~ason City ____________________ Cedar Valley _________ 0.72 0.91 94.22 · 
~ason City _____ ~ ------------~- Cedar Valley _________ 0.63 0.71 97.48 
Clarke County-
Carpenter Quarry. Osceola _____ Missouri _____________ 8.64 1.54 88.92 
Carpenter Quarry. Osceola ___ -'_ Missouri _____________ 8.90 1.20 89.30 
Carpenter Quarry. Osceola _____ Missouri ____________ , 13.72 1.26 82.50 
Des ~oines County-BurliDgton ___ ___ ~ _____________ Osage __________ .: _____ 5.18 0.87 93.11 
Dubuque County-Cascade _______________________ ,.. Niagaran ____________ 11.34 0,81 48.53 
Eagle Point-Lime burning rock Galena _____________ .:_ 2.15 0.82 54.84 
Eagle Pofnt-Nonlime burninJr rock ________________________ ,.. Galena _______________ 8.63 0.85 51.52 
Spechts Ferry-General sample Platteville ___________ 5.00 2.07 89.64 Spechts Ferry ________________ - Platteville ___________ 8.98 2.58 73.65 Spechts Ferry _________________ Platteville ___________ 7.28 1.27 83.77 Spechts Ferry _______________ -,_ Platteville ___________ 2.25 1.32 88.64 Spechts Ferry _________________ Platteville ___________ 7.50 6.17 79.50 
Composition 
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::a" 00-
39.50 --------
2.94 --------
21.00 --------
1.32 0.98 
0.99 --------
0.62 
--------
0.06 --------
2.05 
--------
0.84 
--------
37.34 
--------
41.79 --------
39.52 --------
1.72 0.85 
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Aulbor;ty 
N. Knight 
N. Knight 
N. Knight . 
L. G. ~ichael 
A. O. Anderson 
A. O. Anderson 
A. O. Anderson 
A. O. Anderson 
Geo. Steiger 
L. G. ~ichael 
L. G. ~ichael 
Lundteigen 
Lundteigen 
Lundteigen 
Lundteigen 
L. G. ~ichael 
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Dubuque County-Con. Spechts Ferry _________________ Platteville ___________ 7.94 12.05 73.38 3.52 1.69 0.10 L. G. Michael Spechts Ferry _________________ Platteville ___________ 10.71 6.69 78.67 0.28 1.51 0.15 L. G. Michael Spechts Ferry _________________ Platteville ___________ 11.24 6.31 78.51 0.24 1.58 0.10 L. G. Michael Spechts Ferry _________________ Platteville _________ __ 5.74 6.69 83.56 0.25 1.77 0.10 L. G. Michael 
Near Zollicoffer lake, north of Dubuque _____________________ Platteville ___________ 8.28 4.67 80.14 2.37 2.60 0.13 L. G. Michael 
Near Zollicoffer lake, north of Dubuque _____________________ Platteville ___________ 8.02 5.78 77.93 4.43 0.22 0.16 L. G. Michael 
Near Zollicoffer lake, north of Dubuque _____________________ Platteville ___________ 6.79 4.61 78.24 5.12 1.74 0.04 L. G. Michael 
Near Zollicoffer lake, north of ~ Dubuque _____________________ Platteville' _________ ~_ 3.85 6.03 84.16 1.93 0.64 1.71 L. G. Michael Near Zollicoffer lake, north of > Dubuque _____________________ Platteville ________ .: __ 4.54 2.54 86.33 3.54 0.22 0.08 L. G. Michael t' 
Near Zollicoffer lake, north of ~ Dubuque _____________________ Platteville _________ 0 __ 3.26 0.83 90.20 2.65 1.64 0.06 L. G. Michael Ul t"l 
Ul 
Fayette County- 0 Clermont ____________ ~ _________ Maquoketa __________ 11.95 2.80 84.80 0.45 
-------- --------
L. G. Michael I%j 
Wilkes Williams' quarry, six t' 
-miles south of Postville _____ Hopkinton ______ -' ____ 8.65 0.66 58.13 32.18 -------- -------- A. O. Anderson ...... 
Wilkes Williams' quarry, six ~ 
miles south of Postville _____ Hopkinton ___________ 8.50 5.37 41.16 45.18 A. 0 ; Anderson t"l 
------- - -------- Ul 
Wilkes Willil:ims' quarry, six - 0-,3 
miles south of Postville _____ Hopkinton ___________ 9.00 3.00 52.12 36.05 
-------- --------
A. O. Ander son 0 
Wilkes Williams' quarry, six Z t"l 
miles south of Postville _____ Hopkinton ___________ 10.64 1.06 50.03 38.50 
-------- --------
A. O. Anderson Ul 
Wilkes Williams' quarry, six 
miles south of Postville _____ Hopkinton ___________ 9.52 3.10 52.14 35.72 
-------- --------
A. O. Anderson Auburn ________________________ Hopkinton ___________ 0.68 0.50 98.52 -------- -------- -------- L. G. Michael 
Hamilton County-Webster City __________________ Saint Louis __________ 1 1.60 1 0.80 1 92:85 1 5.31 1 ________ 1 ___ ..... __ -1 A. O. Anderson 
Humboldt County-
Humboldt ---------------------IKinderhook __________ 1 0.50 1 1.12 1 97.20 1 2.00 I-------t-------I A. O. Anderson Near Gilmore __________________ Saint Louis __________________________ 99.62 ________________________ J. B. Weems 
"" Humboldt ____________________ . Saint Louis __________ 0.91 1.21 97.98 _______________________ ~ Murray 
"" f-' 
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Hopkinton ___________ 0.58 0.36 30.88 Hopkinton ___________ 0.51 0.47 30.56 
Cedar Valley ________ 3.08 1.97 89.79 
Gower. Anamosa _____ 0.97 0.42 57.19 
Gower. Anamosa _____ 2.00 1.20 . 56.00 
Gower. Anamosa _____ 4.46 1.70 56.08 
Gower. Anamosa _____ 0.20 0.72 56.57 
Gower. Anamosa _____ 1.20 0.50 58.86 
· Gower. Anamosa _____ 1.88 1.02 51.64 
· Gower. AnamQsa _____ 0.96 0.72 63.56 
· Gower. Anamosa _____ 0.78 0.54 52.12 
· Gower. Anamosa _____ 1.13 1.50 58.21 
· Gower, Anamosa _____ 1.97 0.89 ·55.68 
· Gower, Anamosa _____ 2.05 0-.37 54.64 
· Gower, Anamosa _____ 1.70 0.60 55.70 
· Gower, Anamosa _____ 1.90 1.43 56.60 
· Gower. Anamosa _____ 2.00 0.40 '55.18 
g HO .60 1?0 .2  !lUI? 97.0 
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Authority 
C. E. Ellis 
C. E. Ellis 
Geo. Steiger 
A. O. Anderson 
A. O. Anderson 
A. O. Anderson 
A. O. Anderson 
A. O. Anderson 
A. O. Anderson 
A. O. Anderson 
A. O. Anderson 
A. O. Anderson 
A. O. Anderson 
A. O. Anderson 
A. O. Anderson 
A. O. Anderson 
A. O. Anderson 
A. O. Anderson 
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Madison County-Earlham ___ . __ _________________ Bethany _____________ 7.85 1.00 91.15 . 0.61 
-------- --------
L. G. Michael J>eru ___________________________ Bethany _____________ 17.16 2.64 72.76 2.86 0.95 0.30 L. G. Michael Earlham _______________________ Missouri _______ -" _____ 10.92 2.37 84.87 1.58 
-------- --------
Geo. Steiger Winterset _____________________ Missouri _____________ 12.63 1.18 84.34 2.19 0.02 A. O. Anderson 
Mahaska County-Oskaloosa _____________________ Saint Louis __________ 4.01 0.59 95.30 -------- -------- -------- Murray 
Marion County-
'I'racy __________________________ Saint Louis _______ __ _ 1.57 0.66 94.60 6.66 
------ -- --------
Murray J>ella ______________________ ____ Saint Louis __________ 4.92 3.39 84.39 -------- -------- -------- Lundteigen ~ Marshall County- > Oolite. Quarry .:. _______________ Kinderhook ______ ____ 0.77 0.18 98.30 0.59 0.16 G. E. J>atrick t"' 
Blue limestone. Quarry ________ Kinderhook __________ 0.96 0.41 97.95 0.38 0.30 G. E. J>atrick ~ Ul Iowa caen stone. Quarry _______ Kinderhook __________ 1.24 0.50 90.28 7.77 0.21 G. E. J>atrick t<J 
Stratified limestone. Quarry __ Kinderhook __________ 1.22 0.50 90.04 8.08 0.16 G. E. J>atrick Ul 
0 
Mitchell County- I:g Osage __________________________ Cedar Valley _________ 0.78 0.12 98.01 0.15 
-------- --------
A. O. Anderson t"' Osage __ ~ __ ._: ___________________ Cedar Valley _________ 0.12 0.12 98.01 0.15 0.35 A. B. Hoen I-( Osl'tgn ______ ____ ________________ Cedar Valley _________ 2.21 3.82 90.17 1.03 2.63 A. O. Anderson is: t<J 
Ul 
Montgomery County- '"'l Stennett __________ ____________ Missouri _____________ 7.97 1.26 89.44 1.92 A. O. Anderson 0 
- ------- -------- Z 
t<J 
Scott County- Ul Bettendorf __________________ __ Wapsipinicon _____ ___ . 4.46 0.70 79.60 15.40 
-------- --------
C. E. Ellis 
LeClaire Stone Co., Bettendorf Wapsipinicon 2.36 2.20 94.57 0.81 
-------- - - ------
C. E. Ellis 
LeClaire Stone Co., Bettendorf Wapsipinicon ________ 0.54 0.14 98.49 0.72 
-------- --------
C. E. Ellis Bettendorf ____________________ Wapsipinicon 1.04 0.28 90.00 8.36 
-------- -------- C. E. Ellis Bettendorf ____________________ Wapsipinicon _____ ___ 8.48 0.72 89.25 1.42 
-------- -- ------ C. E. Ellis Bettendorf _____ -' ______________ Wapsipinicon ________ 26.40 9.25 44.82 10.84 8.82 C. E. Ellis Bettendorf ____________________ WapsipinicQn 16.08 3.26 49.72 29.06 1.86 C. E. Ellis Bettendorf ____________________ Wapsipinicon ________ 5.98 0.30 90.91 2.77 - - -_._--- -------- C. E. Ellis Bettendorf ____ .:. _______________ Wapsipinicon ________ 1.32 0.38 76.23 22.21 
-------- --------
C. E. Ellis Bettendorf __ __ ______________ __ Wapsipinicon _____ ___ 1.10 0.34 80.95 17.68 
-------- - ------- C. E. Ellis CO> Bettendorf ____________________ Wapsipinicon ____ ____ 1.20 1.08 97.32 0.76 C. E. Ellis CO> -------- -------- ... 
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Scott County-Con. 
Gower, Allamosa _____ LeClaire Stone Co., LeClaire __ . 4.76 1.22 58.72 
LeClaire Stone Co., LeClaire __ Gower, Anamosa _____ 7.44 1.37 51.55 
LeClaire Stone Co., LeClaire __ Gower, Anamosa _____ 5.60 1.40 53.96 
LeClaire Stone Co., LeClaire __ Gower, Anamosa _____ 7.08 · 1.24 53.17 
Sioux County-IIawarden _~ ___________________ Cretaceous ___________ 21.92 6.68 64.30 
Taylor County-
Fred Andrews, Bedford ________ Missouri _____________ 1.80 3.20 93.56 Fred Andrews, Bedford ________ Missouri _____________ 1.48 0.48 97.42 
Fred Andrews, Bedford ________ Missouri _____________ 1.20 0.70 96.96 
Van Buren County-
West of Farmington __________ Saint Louis __________ 10.14 0.90 88.73 
Chequest creek, Keosauqua _____ Saint Louis __________ 3.12 1.38 94.81 
Upper twenty feet of limestone 
east of Bentonsport _______ .:._ Saint Louis __________ 5.28 0.52 93.34 
-
Wapello County-Ottumwa __ ~ ___________________ , Saint Louis __________ 6.83 2.66 88.43 
Winneshiek County-Decorah _______________________ Galena _______________ 14.53 6.49 72.89 Decorah _______________________ Galena ' _______________ 3.86 2.54 91.19 Decorah _______________________ Galena _______________ 6.87 1.00 88.97 
--
~-
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666 ROAD AND CONCRETE MATERIALS IN IOWA 
TABLE 
DETAILED MECHANICAL ANALYSES OF SANDS AND GRAVELS SHOW 
AND KAME 
THE TABLE GIVES AMOUNTS IN· PER CENTS RETAINED ON SIEVES RANGING FROM THE 
ARE ARRANGED ALPHABE 
No.;I ___ c_ou_n_t_y_--''-___ T_o_w_n __ '';-'_i~_~; jil in. I 1 in. I lin., Hn·llin. 
15 Allamakee _____ Lansing ____________ -___ ______ ______ . 6.44 4.37 12.69 
65 Benton ~ _______ Vinton ______________ ---- ------ ------ ------ _ 3.75 9.50 
66 Benton ________ Vinton ______________ ---- 1.94 ----__ 6.25 9.94 10.92 
67 ~enton ________ Vinton -------------- ---- ------ ------ ------ 0.75 4.37 70 Black Hawk____ Cedar Falls _________ -________ ..: ______ ______ 4.50 8.25 
56 Boone _______ ~_ Frazer - _______ ------ -'--- ------ ------ -_____ . _____ 2.56 
63 Boone _________ Pilot Mound _______ ____ 1.87 ______ 1.87 2.00 11.75 
68 Bremer ________ Waverly -----------_ ---_ -_____ ______ ______ .4.75 16.11 
36 Buchanan _____ Independence ------- ---- ------ ------ ------ 6.81 5.75 
23 Buena Vista ___ Sioux .Rapids ------- ---- ------ ------ ------ 11.25 8.81 
78 Buena Vista ___ Storm Lake -------- ---- ------ -_____ 4.12 7.25 9.44 
76 Butler _________ Dumont ____________ 9.95 2.10 ___ ___ 7.06 6.00 8.75 
105 Butler _________ Shell Rock ---------- ---- ------ ------ ----- -- ---- _____ _ 
61 Calhoun _______ Lake City -------____ ____ 3.75 ______ 4.50 5.00 14.63 
116 Cherokee ______ Cherokee ----------- ---- ------ ------ ---___ 5.90 . 7.40 
79 Chickasaw ___ __ Ionia --------------- ---- 3.06 ______ 2.50 4.00 9.38 
125 Clay ___________ Langdon ----------- ---- -_____ 5.99 ______ 12.08 13.56 
14 Clayton ~ ______ McGregor ---------- ---- ------ ------ -________________ _ 
13 Clayton _______ Elkader --___________ ____ 14.88 ___ ___ 7.25 2.38. 6.06 
2 Clinton ________ DeWitt ------------- ---- 20.13 ______ 12.69 3.25 8.00 
48 Clinton ________ DeWitt ---------____ -_________ --____ 3.13 5.31 16.00 
120 Clinton ________ DeWitt -----.:------- --___ "- ________________ 31.70 12.60 
44 Clinton __ :.. _____ Wheatland -------__ -___ ___________ ______ ______ 1.18 
42 Clinton ________ Clinton ------------- ---- ------ ______ ______ ______ ____ _ 
37 Clinton ________ Clinton -----------__ --__ 4.32 ______ 18.37 10.25 26.12 
411 Clinton -------- Albany ---------'----- ---- 2.80 ------ 13.10 7.40 17.10 
49 Crawford _____ Denison -----------_ ____ 2.25 ______ 0.75 3.19 11.63 
12 Decatur _______ Leon --------------- --__ ______ ______ ______ ______ 2.44 
11 Decatur _______ DeKalb _______________________________ ~___ 1.25 1.37 
10 Decatur :.. ______ Leon _______________ ____ ______ ______ ____ __ 3.25 1.56 
33 Delaware ______ Manchester ________ ____ ______ ______ ______ 2.12 4.44 
35 Des Moines ____ Sec. 19. Flint River__ ____ 6.25 ______ 10.25 3.87 7.50 
16 Dubuque ______ Dubuque ---------___ --__ ______ ___ ___ ______ ______ 0.38 
106 Emmet ________ Armstrong _____________ __________ ~ __________ ~ _____ __ _ 
3 Fayette _______ Clermont -------____ ____ ----r- ______ 5.87 1.44 5.88 
5 Fayette _______ Clermont ___________ ____ 16.75 ______ 3.75 1.94 6.00 
7 Fayette _______ Clermont ___________ ____ 8.69 ______ 15.06 8.37 18.63 
17 Fayette _____ ~_ Clermont _______________ 11.44 ______ 7.38 5.25 9.38 
18 Fayette . _______ Clermont __________ • ____ ______ ______ ____ __ 0.38 1.19 
34 Fayette _______ Oelwein _____________________________________________ _ 
81 Floyd _________ Charles City _______ ____ 9.64 ________ 0.00 2.13 3.56 
73 Floyd _________ Marble Rock _______ ____ 3.69 ______ 4.00 3.56 19.25 
92 Franklin ______ Hampton _________________ .___ ______ 9.25 7.37 11.93 
84 Franklin ______ Sheffield ___________ ____ ______ ______ 4.12 2.50 7.05 
51 Greene ________ Grand Junction_____ ____ ______ ______ 1.38 3.19 11.37 
101 Greene ________ Grand Junction _____________ -- ______ ______ ______ 10.13 
102 Greene ____ . ____ Grand Junction_____ ____ __ ____ ______ ______ ______ 26.60 
103 Greene ________ Grand Junction_____ ____ ______ ______ ______ ______ 18.13 
104 Greene ________ Grand Junction_____ ____ ______ ____ __ ______ ______ 23.13 
I"'-------__ ----~-~- __ _ 
VARIATIONS IN SANDS AND GRAVELS 667 
NO. VI. 
ING THE REMARKABLE VARIATIONS IN PIT RUN OF TERRACE, RIVER 
MATER'IALS. 
TWO AND ONE-HAJ,F INCH DOWN TO ONE-SIXTIETH INCH MESH. THE ANALYSES 
TIOALLY BY CoUNTIES. 
~. I " I " 11. . I...!. ' I " 11.' I" I s In. ,o In. ,. In. -.,,In .• oln. 40 In. -. 0 In. ooln. Remarks 
14.50 5.75 10.44 7.12 18.75 14.25 ------ 2.69 
7.75 3.00 26.76 9.75 14.62 20.75 
------
16.90 
13.89 5.75 7.19 6.82 8.34 15.81 ------ 9.37 
8.75 4.50 9.00 6.56 13.26 27.30 ------ 10.05 
12.20 6.68 9.87 8.12 12.69 22.40 ------ 10.05 
3.00 1.25 3.19 4.63 10.94 33.94 ------ 19.50 
14.00 5.50 6.25 8.50 11.62 15.25 ------ 8.12 
24.79 6.87 8.12 5.44 7.50 13.26 ------ 7.68 
5.81 1.00 5.56 3.25 16.00 38.25 ------ 6.43 H mile E. of town. 
13.50 7.31 15.37 7.69 20.31 8.12 ------ 2.75 From J. K. Salverson. 
9.68 3.81 4.81 . 6.00 9.44 26.28 ------ 10.25 
8.00 4.00 6.56 6.00 7.25 8.12 ------ 3.60 
------
17.50 
------
18.60 21.30 33.30 ------ 4 miles S. E. of town. 
18.12 8.12 12.63 8.38 8.63 9.13 ------ 2.75 NW. NE. 7-86-33. 
12.50 11.20 
------ 21.90 17.50 0.70 12.50 ------ Cherokee S.& G. Co. 
13.89 7.19 14.44 8.81 14.62 11.00 ------ 3.75 
------ ------
25.08 
------
14.78 7.99 - ----- ------ Sent by County Engineer. 
------ ------ ------ 0.19 . 4.63 40.25 29.56 St. Peter sandstone. 
7.25 · 3,75 6.13 4.06 10.06 22.25 ------ 9.13 . Terrace gravel. 
12.38 7.38 15.50 6.56 5.13 2.69 ------ 1.06 Esker gravel, city pit. 
31.50 7.06 17.00 5.25 4.12 3.00 
------
2.06 Esker gravel, city .pit. 
10.60 
------
13.20 
------
16.30 ------ ------ 12.90 From A. R. Boudinot. 
1.50. 1.43 0.81 10.81 28.75 29.40 
------
11.75 Wapsipinicon river sand,. 
------
0.10 0.05 1.60 11.10 58.90 ------ 19.10 Mississippi river sand. 
25.25 6.06 5.94 2.50 0.12 0.12 
------
0.12 From Smith & Oakes. 
13.50 3.25 3.60 9.70 12.00 11.25 
------
3.60 
.19.25 9.75 18.56 11.25 14.31 5.50 ------ 1.50 From Mills & Son. 
3.37 1.88 3.81 3.75 8,37 34.69 
------
25.63 
1.69 ! 1.06 4.06 4.13 23.69 32.87 ------ 20.12 Pit of Geo~ South. 
3.81 2.00 5.38 5.06 13.19 36.56 
------
18.00 
6.87 2.25 5.87 5.00 10.88 14.75 ------ 11.06 
7.25 3.25 4.25 11.87 13.56 24.25 
------
4.13 From Dunn farm. 
0.38 0.31 1.44 6.69 25.13 45.19 ------ 9.19 Mississippi river terrace. 
-----.~ 51.20 ------ 31.40 9.70 3.70 1.40 ------
12.63 8.25 27.44 13.38 15.00 4.06 ------ 1.63 Buchanan gravel. 
4.69 2.31 5.63 4.81 10.12 24.63 ------ 10.12 Buch. pit of W. Williams. 
15.37 5.19 9.44 4.75 6.38 3.75 ------ 1.25 Used on streets. 
15.25 7.19 12.81 7.81 12,13 7.81 ------ 1.56 Stahl's pit. 
2.81 2.56 9.31 10.88 35.25 32.56 ------ 3.38 Finishing sand, Stahl's. 
1.44 0.62 1.87 2.50 8.25 34.32 ------ 29.18 From Ira Hanson. 
17.26 6.87 9.14 9.50 14.00 15.25 ------ 6.18 
21.86 9.00 14.60 6.00 7.75 5.63 ------ 2.00 
11.57 4.00 5.94 
-
8.00 6.50 16.00 ------ 7.50 
8.66 4.62 8.12 8.00 19.00 21.75 ------ 7.31 
15.00 7.31 12.50 12.00 13.06 11.25 ------ 5.88 
14.66 
------
25.20 
------
24.66 ------ ------ 18.93 1 [C. & N. W. pit. Note 
17.66 
------
19.66 
------
22.00 ------ ------ 10.13 L the wide variation 
12.60 
------
16.60 
------
21.33 ------ ------ 23.60 Jl in samples from 
14.53 
------
23.33 
------
20.83 ------ ------ 13.00 L the same place. 
668 :!;to.A:D AND CONCRETE MATERIALS IN IOWA 
TABLE NO, VI-,-
N~ .. r County 'I'" Town /;; 1·Ii-in·1 ~i~. / iin."/.tin·I.i-in. 
~+-~--~--~~~--~~--~~~--:----T----
I " 50 Greene ________ Jefferson ________________________________ ~ 3.00 5'.75 
108 Greene: ________ .Teef-fet-son -.:. .:.-_-.:. _-_______ ,. ____ ~_=.:. __ ==_.:. _:"'_.:.·==7.30 10.50 
109 Greene . ________ Jeffers9n,_ ~.:---+-----·- ____ ______ ______ ______ ' 8.50 ~5.00 
126 Greene _____ .:__ JeffersqI1 . ~:: ~ -j _'': ___________ :.. _____ ~. __ .:. ________ ~___ 5.20 
89- ertlntly ·=_~_= ·Grundy -Gen-t1h----.- _M~~ · 1.6.69 _____ 4.25 .1.50. 1.00 
. 71 Grun~y -------- Wellsbu~~ r-t~:--+ -''-::- 1~,~5 -:..-: -; -~ l' p~3~ ,. 5.~5 ~7.:P7 87 HamIlton _____ Kamrat , ""' __ , ______ ____ -: ~2.50 __ =,:,~._ 5.06 7..44 0.25 
88 Ham!lton webstef:OjrY I ~~'----- ---- -.- ' --- - ~:.. --- ; fi.75 ~0'.56 ,~.36 
90 HamIlton Webster _<?n;Y I ~ _' _____ ---- -----'- -----" ---'--- -r~--"" '1.00 
40 Hardin -------- Gifford " --'~ - T=-:' ----- ---- -----..: - :" -=--'- ------ ~.70 3,75 93 Hardin _~______ Ackley : __ ~ _l~ __ -_ .,, _ _____________ ..: __ .:. __ '- 10.31 17.38 !1.2.00 
94 Harrison ______ Pisgah L·-"!.":-~f:,------ ____ 6.44 ____ ..:_ ' 2.50 1.50 6.75 
80 Harrison ______ Missouri,:yalley _____ -______ :. __ _____ .- ~0.81 : 9.13 12.50 . 
115 Humbol<j.t. _.____ H.lJIUbo1<J't j __ L :. _________ ~----.., ___ ,_-' ___ :.. _____ :,,_. __ .. _____ . 
L17 Huml;>,Ordt : - -; -:. H\"miboldt .--f-------' ---.:. T---- 6.80 ___ ~_:.. I 3.80 6.70 
118 Humboldt ----.: 'Hutnboldt '--r------- ---7 ~----- • 2.60 -- ~-- ..: : 15.1Q 10.30 127 Humboldt _____ Humboldt, ______________ .1 ____ . ______ '- _~:..___ ______ 1.30 
128 HumOQldt ----,. Humboldt "--f------- --.:.- ~----- -----:------- -----;- 2.50 25 Ida __ :._________ Ida G'rpve .- =t------- __ , __ .:_____ ___ ___ ______ .1.81 2.50 
69 Iow!t . ~--------~ South' ~an~C------ __ .:. __ ____ , ___ . ___ . ______ _ ____ 2.81 
1 Jackson __ :. __ .:. __ MaqUOKeta . _~ _________ :. ____ ..:~ ___ '-_~ _____ .__ 2.25 , 4.12 
12~ J ones-_.---------: Ox~oI:dl JUDC lon _ ~ ____________ :.."..:__ ______ ______ I 9.00 
13(') Jones' __ ~ ____ .:.,._ Oxford ;runc ion ~~.., __ . _________ ' ____ ..: ____________ ' 6.00 
107 Kossuth _______ Algona, : ___ .: _______ J~ ___ ~ ____ ..: ______ :.. __ _' ___ 5.90· 8.50 
82 LYp~ . ,..':'T----~;- . Rock ~apids : ... ---- ~ - ~-< ... -_---- -,":--.- ; 1.75 4.0Q : ~.88 , 27 Lyon .!.. • .::.._~ __ ~. ___ -Doon _______ '- _____ 1. __ :. __ , ______ L_ ___ 3.81 3.88 6.31 . 
132 Madis'on '_______ Monroe TWp. _____ ~ - ' __ ~ ___ -' _____ ~=_':.. ______ ______ 1(j ~31 ; 
38 l'1~h~ska ------ EddYville ---r-----+: ---- ------ ------ ---.:-- 4,87 7.06 12S M.;ih.a.ska ______ Whitc pity _ ~ ____ .:..!_, ____________ __ ~..: __ "' ____________ ~_'_ 
39 Manon ________ Tracy _______ .: ______________ _'..: __ .:. _,c_ ' 1.80 . 1.00 -3.00 · 
53 Marshall __ .: ___ Clemons, ---_~ _____ +:---- _______ ____ ~ . 3 .. 50 : 7.31 ' 15.50 
95 Marshall ______ St. Antliony .!.:,, __ ,:,_. _____________ _ ~___ 7.94 8A2 12.72 
119 Marshall _.:. ____ St. Anthony .:.-:.--=.. __ ._' _ ________________ . ____________ 34.80 . 
8 M~lls ___________ PacifiC, juncti~n "-,,'->---- ------ ------ -- 7--~ : P5 3.00 
75 MItchell _______ Osage __ ____ 1-:: ____ ·__ ____ 9.13 ______ 5.94 2.63 I 8.25 
91 Monona ------- Maplet~n ---k:·'O.':.':.-..:;- '---- ------ ------ __ ~,, _L --~--~ I· S.12 
121 Monona _______ Blencoe ----r~~·~ -·--- ---- - ___________________ ~___ I 8~30 
122 ¥onon'~ _______ 'Rodney, =- __________ ~- _______________ -' _____ :. _____ ~ : 6:70 
6 'Montgomery __ Red 0ljtk ____ ~------ ___ ,:. L____ ______ ______ 0.88 1.50 
113 Musca~ine _____ M).lscatine __________ ' __ ~ _______ ~ ______ ____ -" 14.00' ·9.40 
114 Muscatine _"- ___ Muscatine ________ L ~ ___ ~ __ "' _____ .!__ _____ _ 7.36 14.75 
55 Muscatine _____ . Muscatine . _____________ .:. -' ____ . __________ ______________ _ 
59 Muscatine .:____ Nichols _______________ =- ________ . ____ :. __ .____ ______ 2.94 
54 Mjlscatine ____ ~ ~et .. 20-21, Orono Tp. ____ L ____ ___ ..:__ . 3.8'7,' 5.19 6.25 
74 O'Brien ________ Paullina ________ . ______ =- ..! ________ .:. _____ ~__ '4.00 10.95 
2~ ~f:i:~t~====== ~i~~~~f~;~=~===·~=== ~==~ ;===:='  ===~=~ =====:= ====== --~If 110 Polk __________ Des Mqines ______ -' _________ ,:, _. __ ,:, ___ , __ ._____ '1.10 6:30 
22 Sac ____________ Early ____ -; __ :. _____ ..:_ "- __ :' _________ ,~_. __ .____ 4.25 '5.88 
21 Sac . ______ ~---__ Sac. C)W _ L ___ -____ '- _ _ ..: _____ ~_. ___________ .__ 9.25 10.25 
52 'Scott ___ '_':'_"___ Davenp,ort "- _______ ~ ____ _''- _____ :.. _: __ -_________ _ w____ . 0'.69· 
62 Stoff ________ :.. ·Ajnes ~.- --------_" _ _',, ____10.00· __ ':"_~= '3.38 -2.87 '8.8'1.~ 
86 T ., .", ~ ". ('II t · · , , '. !- - - 3"50 . .. . r am,,; . ;-.-~------ "" u I.er 1 _____________ _ ---- • _= __ ~.. 7 .. 00 5.31 10:.44 
64 Tama · ________ .:. M-ontbur· '-.:.; ____ -_ ..:_~ ; ,:,_.~,: ~_,",",,"",. _,,,==_,= ____ .:.. ___ ._.~_._ ·3.44. 
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l' __ /" 1" l' .' 11.' / J!.' 1" 1" I Ifm. -"om. Tsm. ~om. rom. fo.m·1 rom. 'ifOm. Remarks 
, 
8.81 . ,5.69 9.00 10.31 15.31 27.50· ----- - 9.25 Raccoon river sand. 
19.7f)· 
------
'20.40 
------
19;70 
----- -
18.10 
------
W. end 'Coon ·river bridge. 
18.40 
------
15.10 
------
14.10 ------ 17.60 ------ E. end 'Doon river bridge. ~.30 9.80 
------
23.80 15.80 13.30 11.10 ------ Pit of .A. S. Tanner. I , 
1'4.50 · 6.56- 7.69 6.06 6.55 14.68 ------ 6.94 I ... 
1.87 4.13 7.56 8.33 12.38 12.50 ------ 7.37 
.11.30' 5.31 6.75 7.37 8.87 9.75 ------ 4.87 " • 21'.61 8.25 11.38 · 6.44 4.94 4.44 2.13 ., .. ----- -
11.00 7.50 15.75 9.36 12.00 23.12 ------ 6.13 
8'10' 4.00 5.30 11.10 23.60 25.25 ------ 5..40 . From R. A .. F.uller Qo: l-.{sg 4.75 12.00 6.56 9.00 11.25 ------ 4.50 -
10.91 . 6.68 11.8!j 11.50 20':30' ,15.70. ------ 3.50 .. 
16.00 11.34 15.57 10.25 S.8:Jl . 3.44 1.50 . J:" 22.70 20.50 19.50 ! 18.40 11.30 From C. D. Walter. 
--rio ------3.70 
------ 19.70 26.00 , 9.60 3.80 ------ From County Engineer. 
17.40 5.60 ' . 17.30 11.70 '12.40 6.90 4.50 · From County Engineer. 
4.50 . 4.1)0 
------
14.70 22.50 ;24.30 15.40 ------ Hum. Cem. Prod. Co. 
6.70 7.30 
------
33.20 26.70 10.00 4.90 ------ Hum. Cem. Prod. Co. 
5.18 3.31 7.13 6.00 13.50 30.44 ------ 9.94 Ida Grove Concrete Co. 
7.36 4.52 9.50 10,43 22.00 25.68 - - ---- 7.31 
9.44 4.50 10.38 9.19 29.25 19.87 ------ 4.48 
16.00 9.50 
------
14.70 13.50 20.80 10.50 ------ } From G. Ahlff & Sons 
11.80 8.10 
------
13.30 1480 25.50 11.20 ------ Grand Mound. 
16.79 
------
21.49 
------
26.10 ------ 15.32 ------ G. J. Ferguson pit. 
10.81 4.87 .8.00 9.56 17.44 21.93 ------ 9.63 
9.75 4.69 8.94 6.25 15.94 28.19 ------ 6.38 Miller & Montgomery. 
16.69 7.59 27.75 16.48 8.91 3.86 2.60 Washed sand. 
11.95 6.68 11.38 16.75 15.25 16.56 ------ 5.19 
------
20.00 
------
13.00 ·14.10 17.10 14.8D ------ From H . R. Baker. 
5.00 3.00 4.30 8.80 16.85 33.60 ------ 10.35 
17.13 6.94 9.87 8.75 9.31 10.25 ------ 4.56 From O. L. Lundon. 
, 17.57 6.55 9.92 6.72 6.72 12.95 ------ 3.44 
19.90 
------
18.00 
------
1320 ------ 9.30 ------ Sent by Co. Board. 
7.00 5.00 14.44 10.63 16.31 26.25 ------ 6.25 
12.20 4.75 7.19 9.25 13.65 16.45 ------ 7.06 
5.88 5.13 16.56 16.39 20.00 24.21 ------ 4.43 
------
31.80 
------
23.00 15.00 11.60 5.50 ------ Sent by L. 1. Hicks. 
8.12 10.33 
------
19.40 16.58 17.38 11.95 ------
5.13 4.88 18.00 9.00 31.38 22.31 4.81 '. ------
11.20 7.00 
------ 21.00 24.00 ------ 12.00 ------ Mississippi river sand. 
17.80 
------
21.89 
------
25.19 ------ 11.11 ------ Mississippi river sand. 
------
0.44 0.31 3.06 13.63 55.31 ------ 16.50 
5.44 4.50 8.00 12.62 26.62 31.69 - - ---- 6.44 Ry. bridge in 16, Lake. 
9.13 5.50 10.94 9.44 16.75 22.06 ------ 4.56 
18.75 10.95 8.50 7.88 11.25 16.70 ------ 7.75 
21.69 11.25 19.63 10.00 14.00 14.00 
------
2.69 Sibley Cement Co. 
2.81 1.75 4.81 4.63 13.06 32.00 
------
26.25 
7.68 3.81 8.06 7.00 25.56 29.75 
------
8.56 Kramer pit. 
------
13.50 
------
12.30 18.30 
------
37.10 
------
9.63 5.06 11.50 9.13 19.19 24.75 
------
4.56 Early Con. & St one Co. 
14.50 6.69 12.44 9.19 15.19 14.87 
------
3.44 From E. W. Robbins. 
1.25 1.00 2.95 3.00 15.56 48.37 
- - ----
16.00 Mississippi r iver sand. 
11.50' 5.00 7.13 6.50 9.12 17.50 
------
6.00 College pit. -
13.57 5.94 15.50 9.32 9.80 6.75 
- -----
4.31 
20.26 13.75 5.37 5.32 13.50 8.38 
------
1.31 
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TABLE NO. VI-
NO.! County I Town I ~ !1i in.!1 in.! f in./ tin. ) i in. 
32 Van Buren ____ Farmington ________ ____________________________ 15.56 
31 Van Buren ____ Farmington ________ ____ ______ ______ ______ ______ 4.81 
29 Wapello _______ Ottumwa __________ ____ ______ ______ ______ ______ 9.88 
131 Wapello _______ Ottumwa ________________________________ 81.30 5.90 
57. Webster _______ Ft. Dodge __________ ____ ______ ______ 2.12 2.81 11.69 
58 Webster _______ Badger _____________ ____ ______ ______ 1.19 1.50 7.63 
19 WoodbufY _____ Oorrectionville _____ ____ ______ ______ ______ 6.63 5.94 
28 Woodbury _____ Oorrectionville _____ ____ ______ ______ ______ 5.31 16.75 
72 Woodbury _____ Correctionville ____________________ - 3.80 4.63 7.44 
124 Woodbury _____ Sioux Oity _________ ____ ______ ______ ______ 0.84 9.00 
43 Worth _________ Hanlontown ________ ____ ______ ______ 9.06 6.69 13.25 
47 Worth _________ Hanlontown ____________ . 9.00 ______ 6.94 5.56 ' 8.44 
85 Wright ________ Dows _______________ 7.75 0.00 ______ 11.70 3.50 10.88 
83 Wright ________ Dows _______________ ____ ______ ______ 8.68 3.63 5.63 
46 Wright _______ !.. Eagle Grove ________ ____ ______ ______ ______ ______ 6.19 
45 . Wright ________ Belmond ____________ ____ 4.25 ______ 3.63 5.25 9.38 
• 
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l' j...L · I.l· 11'11 ' [1 ' 11,)1, I 11" In. loIn. 1 ,, In. 10 In. 1fO In. .0 In. N In. .Gln. Remarks 
8.69 4.63 9.19 9.50 28.50 17.75 ------ 2.81 
8.00 8.50 23.25 13.50 27.94 9.13 ------ 2.31 Des Moines river sand. 
17.75 10.75 20.50 11.50 19.00 6.69 ------ 2.50 Des Moines river sand. 
2.90 0.65 0.80 0.30 2.10 3.48 1.52 0.55 From G. L. Bissell. 
15.38 6.63 9.81 10.25 11.25 14.72 ------ 7.19 
22.69 10.62 17.50 9.38 10.25 7.81 ------ 2.69 Center of 10, Deer Creek. 
8.75 4.87 11.25 10.56 31.88 13.12 ------ 3.63 Gilleas pit. 
22.44 8.25 12.31 5.81 8.00 7.81 ------ 5.69 Jno. Fleming·pit. 
7.80 3.88 6.19 7.31 11.85 22.61 ------ 10.54 
13.20 6.60 11.90 3.80 10.10 10.00 7.70 8.10 From Co. Engineer. 
13.62 5.25 0.12 18.87 9.12 12.62 ------ 5.00 Sec. 28, Danville. 
8.63 5.13 3.50 12.12 11.12 ·14.56 - ---- - 6.75 Sec. 29, Danville Twp. 
14.13 6.75 8.00 9.68 9.32 11.25 
------
6.31 
6,74 3.50 5.55 7.75 12.56 30.18 ------ 6.62 
14.75 8.00 11.81 15.00 14.00 16.50 ------ 7.17 Boone river sand. 
13.31 6.00 8.12 14.00 13.50 12.75 ------ 3.62 
.... ~ 
Owner 
TABLE NO. VII. 
, 
COMMERCIAL DIRECTORY OF IOWA STONE PR6buQERS. -, 
*Indicates those producing crushed stone.! 
I Location of Office I Location of Quarry ! 
--l 
-, 
,1: 
~~ 
.. "..;:. ';.; 
G~o\ogicai - : I ~ 
~ori-zon - , _ ' 
'1- .. .: .... 
: ~ ' -kind of:Stohe , 
Allamakee County- I I t -A. V. Fetter _________________________ 9uin~y, Ill. _________ ~ans~ng ________ ,j'oneota . -~------- -;~DOIOin!te 
C. F, Nagle--------------- ----------- Lansmg ____________ Lansmg ____ _____ Oneota -- _______ D010llnte 
* Albert Simons -------------------- Waukon ----------_ Waukon ----~_:,~-~ ~~!!,ttEly.iHe ---'-i-'- Limestone, 
,;-: -I ; ; ' : 
Appanoose County-
*Wm, B. Swan ______________________ Plano - _____________ Plano --------~- _;I I?e~ · Moines -;- ____ Limestone 
I , ') ' ' _, " B~nton County- i L: ! . _' "';:;. , 
w, O. Rambo ________________________ 1shellsburg --~------ Shellsburg ~ --;n-C~d~r :Ya,lley ~~~~ - Llm~~tone: 
Black Hawk County- ' . ,- -~I -- - , .~ 
. Jens Nielsen __ _____________________ ICedar Falls _________ Cedar Falls ! _~~ __ Cedar Valley ____ Limestone ·, 
(1807 Washington) : ~ o -- f .. ~:~::-. r; -;'.' '_, --:'---::-_ 
*E. J. Buchan ________________________ Laporte City ______ Laporte Cit~ i .: Dedar:Va-I1ey-~-~ - LimestUhQ 
*BartIett & McFarlaile ______________ Waterloo __________ Waterloo _~= -edar Vaney ____ Limestone · 
(1165 E. 4th) : S~ _:. ,: '::.:~'-'. -'.:, .,,-, ----; 
*Waterloo Dredging Co. _____________ Waterloo __________ Waterloo _~ __ ~~ bedat:v.aliey _ :~ _ Liriresto'ne' 
, , 
Buchanan County- 1 . _ _ '. _; , 
A. B. Kieffer ------------____________ Hazelton __ ________ Hazelton _ ~ __ ~_ , __ Hopkinton ___ ~ __ Dolomite ' 
Cedar County- ,_ _ 
*Cedar Valley Stone Co. _____________ Cedar Rapids ______ Cedar Valley _~L An'a:mosa ______ ,. Dolomite ' 
Cerro Gordo County- i _, .', - : ' ; -_ 
*Henry Kuppinger -------------_____ Mason City ________ Mason City I __ ;:~~ Cedar-VaHey __ ~_ Ljmestorie and dolomite 
Quimby Stone & Fuel Co.---_______ IMason City ________ Mason City i ___ ~~ Cedar Vaney ___ ~ Limcstone and dolomite 
'" -'l 
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Clayton County-
Uaniel Ivory ___ ,--------------------- Elkader ____________ Elkader ________ Platteville ______ Limestone 
J. A. Hempeler ______________________ Garnavillo _________ Garnavillo ______ Galena _________ Limestone 
~ .. E. W. & H. D. KregeL ______________ Garnavillo _________ Garnavillo ______ Galena _________ Limestone 
Matthias Burr _____ ~---------~----- Guttenberg ________ Guttenberg _____ Platteville ______ Limestone 
A. C. Boyle ________________________ :... McGregor _________ McGregor _______ Platteville ______ Limestone 
*Cbas. M. Brooks ____________________ McGregor _________ McGregor _______ Platteville ______ Limestone 
Decatur County-
, *D.avis City Stone Crusber Co· ______ IDavis City _________ 1 Davis City _____ JMissouri ________ ILimestone 
Delaware County-
Jas. A. Jobnson ________ ._~--'-------- Hopkinton _________ Hopkinton ______ !HoPkinton ------IDolomite 
~cGlade Bros. _____________________ Hopkinton _________ Hopkinton ______ Hopkinton ______ Dolomite 
Des Moines County-
A. V. Fetter ________________________ Quincy. Ill. ________ Burlington _____ Osage ----______ Limestone 
Albert Kircbner ___________________ Fountain City. Wis. Burlington _____ Osage __________ Limestone 
*Geo. J. Koestner ____________________ Burlington ___ ~ _____ Burlington _____ Osage __________ Limestone 
. Albert Bitscbe ______________________ Middletown ________ Middletown ____ Osage __________ Limestone 
Dubuque Connty-
*Jobn Becker ------------------------ Djlbuque ___________ Dubuque ________ Galena _______ :... __ Dolomite 
*Byrne & S'auL ______________________ Dubuque ___________ Dubuque _____ ___ fl-alena __________ Dolomite 
,*Eagle Point Lime Works ____________ Dubuque ___________ Dubuque ________ Galena __________ Dolomite 
*O'Farrell Contracting Co; ___________ Dubuque ___________ Dubuque ________ Galena __________ Dolomite 
E. P. Sawyer ________________________ Dubuque ___________ Dubuque ________ Galena __________ Dolomite 
Anthony Siege --------------------- Dubuque ___________ Dubuque ________ Galena __________ Dolomite 
Tbos. Welsh ---------------------___ Dubuque ___________ Dubuque ________ Galena __________ Dolomite 
*B. N. Arquitt & Sons _______________ Farley _____________ Farley __________ Hopkinton ______ Dolomite 
*Tibey Bros. - __ :...~ ___ ~ _______________ Dubuque ___________ Julian ________ .:._ Galena __________ Dolomite 
Fayette County- . 
Wilkes Williams --------~----:_ ----- Postvill~ __________ !postville . ________ !HOPki?-ton ------ID?IOmite J. W. Bopp ________ '-_________________ West Umon ________ West Umon ____ Devoman _______ LImestone 
Floyd CJounty-
Geo. W. Kubnl~---------------------)Charles City _______ JCbarles City ____ ICedar Valley ____ ILimestone 
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-Hardin County-
TABLE NO. yn-cONTINUED 
I Location of Office Location of Quarry Geological Horizon Kind of Stone 
*Bryant-JvtcLaughlin Asph'lt Pay. Co. IWaterloo ----------IIowa Falls ______ IKinderhook ___ ~_ILimestone and dolomite 
*Ellsworth Stone Co. _______________ ~ Iowa Falls ________ Iowa Falls ______ Kinderhook _~ ___ Limestone and dolomite 
Harrison County~ 
_ C. F. Peckenpaugh & Sons-------___ ILogan ____________ -'Logan _________ JMissouri _______ -ILimestone 
Henry County-
*Victor McGuire ___________________ -IMt. Pleasant ______ -'Mt. Pleasant __ JSaint Louis _____ ILimestone 
Howard County- . 
*Cresco Stone & Concrete Co. _______ Cresco -------------IICresco ______ ~ __ _'Wapsipinicon ___ IDolomitic limestone 
Johnson County-
*Wesley J. Lorence ___________________ ~olon ______________ Solon ___________ IAnamosa _______ IDolomite 
Jones County-
State Reformatory (Charles C. Me-: 
Cloughry, Warden) _______________ Anamosa __________ Anamosa _______ Anamosa ------- Dolomite 
A. M. Henry _______________________ Anamosa __________ Anamosa _______ Anamosa ------- Dolomite 
Albert Osborne ____________________ Rale _______________ Hale ____________ Anamosa _______ Dolomite 
·~H. Dearborn & Sons ________________ Stone City _______ ____ Stone City _____ Anamosa ------- Dolomite 
*F. Erickson Co. _____________________ Stone City _________ Stone City _____ Anamosa _______ Dolomite ' 
*J. A. Green & Sons _________________ Stone City _________ Stone City ___ : _ Anamosa "------- Dolomite 
*John Ronen ___ ~ ____________________ Stone City _________ Stone City _____ Anamosa _______ Dolomite 
Keokuk County- _ I -
Frank Manion ______________________ ,Sigourney ---------ISigourney ------ ISaint Louis -----ILimestone 
*Russell B. Royce _________ ___________ ,Sigourney _________ .Sigourney ______ Saint Louis _____ Limestone 
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Lee County- . 
*McManus & Tucker _________________ Keokuk ____________ Ballinger _______ Osage ___________ Limestone 
*Cameron & McManus __________ ~---- Keokuk ____________ Keokuk _________ Osage ___________ Limestone 
A. V. Fetter _________________________ Quincy, Ill. ________ Keokuk _________ Osage __________ ..: Limestone 
Harrison & Dietz ___________________ Keokuk ____________ Keokuk _________ Osage ___________ Limestone 
*Keokuk Ry. & Construction Co. _____ Keokuk ____________ Keokuk _________ Osage ___________ Limestone 
Mississippi River Power Co. ________ Keokuk ____________ Keokuk _________ Osage ___________ Limestone 
C. F. Nagle __ .:. ______________________ Lansing ____________ Keokuk _________ josage ___________ Limestone 
*Burlington Quarry Co. ______________ Keokuk ____________ Montrose _______ Osage ___________ Limestone 
Augl~st Beach ______________________ West Point ________ WestPoint _____ Saint Louis _____ Limestone 
Linn County-
*C. & N. W. Railway ________________ Chicago, Ill. ________ Cedar Rapids ___ Wapsipinicon ___ Limestone 
*Dolese . Bro!'i. Co. ____________________ Chicago, Ill. ________ Cedar Rapids ___ Wapsipinicon ___ Limestone 
(128 N. La Sallel . 
*Ellis Park Stone Co. _______________ Cedar Rapids ______ Cedar Rapids ___ Wapsipinicon ___ Limestone 
*J. E. Colton _______________________ ;-_ Mt. Vernon ________ Mt. Vernon _____ Anamosa _______ Dolomite 
Louisa County-
W. C. Bry.anL _______________________ ,'Morning Sun ------IMorning Sun ---/osage ___________ ILimestone 
*Chas. B. Wilson _____________________ Morning Sun ______ Morning Sun ___ Osage ___________ Limestone 
Madison County-
*Earlham Land Co. _________________ Des Moines ________ Earlham ________ Missouri ________ Limestone 
*Peru Stone & Cement Co. __________ East Peru __________ East Peru - _____ Missouri ________ Limestone 
*W. A. Hartman ____________________ Winterset __________ Winterset _______ Missouri ________ Limestone 
*Southern Iowa Stone Co. ____________ Winterset . __________ Winterset _______ Missouri ________ Limestone 
Mahaska County- -
H. E. Whitlatch ______________________ IBeacon ____________ IGivin ___________ ISaint Louis ___ -'Limestone 
Marshall County-
*Dolese Bros. CO. ____________________ /Chicago, Ill. -------- ILeGrand ----____ IKinderhook -----ILimestone 
*C. & N. W. Railway _________________ Chicago, Ill. ________ LeGrand ________ Kinderhook _____ Limestone 
Mitchell County-
Iowa Sugar Co .. ______ ______ ~ ________ IWaVerly -----------Iosage -----------JCedar Valley ---ILimest.one A. E. Parmelee ______________________ Osage _____ .:. ________ Osage ___________ Cedar Valley ___ DolomIte 
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TABLE NO. VII-CONTINUED 
Owner 
/
. Location of Office I . Location of 
.' Quarl:Y Geolo~ical I Horizon . Kind of Stone 
Pocahontas Oounty-
*Ft. Dodge Portland Oement Oorp. __ Fort Dodge ________ Gilmore City ___ ISaint Louis _____ ILimestone 
Scott Oounty-
*Boland Stone Oo. _________________ ~_ Bettendorf _____ __ __ Bettendorf _____ Wapsipinicon ___ Limestone 
*Bettendorf Stone 00. _______________ Davenport _________ Bettendorf ----- Wapsipinicon ___ Limestone 
G. W. RandalL ____ __________________ Big Rock __________ Big . Rock _______ Gower __________ Limestone 
*Dolese Bros. 00. ____________________ Ohicago, TIl. _______ Buffalo _________ Wapsipinicon ___ Argillaceous Limestone 
*Linwopd Quarries .00. ___ : ___________ Davenport _________ Buffalo _________ Wapsipinicon ___ Argillaceous Limestone 
-LeClai-re Stone 00. __________________ Davenport _________ (LeOlaire _______ Anamosa _______ Dolomite 
. lBettendorf ' ____ Wapsipinicon ___ Limestone 
'lama County- . . P. O. Smith _________________________ Montour ______ ~ ____ Montour ________ Kinderhook _____ Oolitic limestone 
Van Buren Oounty- . 
*Hinkle Estate ___ ___________ ~~ ______ Selma _____________ Selma __________ Saint Louis ____ Limestone ' 
Wapello Oounty- . -
. Eddyville Stone 00. _________________ Eddyville __________ Eddyville _______ Saint Louis' ---- ILimestone 
*Ohas. Chilton __ ______________ __ _____ Ottumwa ______ ____ Ottumwa _______ Saint Louis ' ____ Limestone 
Winneshiek Oounty- . I ' . John A; Vold ______________ ~ ________ Decorah ___________ Decorah ' ________ Galena-Plat'ville Limestone ~aurice Halloran _________________ -_ Decorah ' ___________ Decorah ________ Galena _________ J Limestone 
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Black Hawk County-
TAB,LE VIII. 
DIRECTORY OF IOWA SAND AND GRAVEL PRODUCERS. 
Location of Office Location of Pit Character of Deposit Products 
---------------------1-·-----
~artlett & McFarlane_______________ Waterloo __________ Waterloo _____________ River ________ ~ __ Sand 
Geo. W. Pett ______________ __ .:._______ Waterloo __________ Waterloo _____________ River ___ ________ Sand 
J. E. Seqgwick __________________ ~____ Waterloo __________ Waterloo _____________ River ___________ Sand . 
Cement Products Co. ____ ,____________ Waterloo __________ Waterloo _____________ River ___________ Sand 
Waterloo Dredging Co. ___________ ' ___ Waterloo __________ Waterloo _____________ River ____ . _______ Sand 
Waterloo Granite Block Co.________ Waterloo __________ Waterloo _____________ River ___ _____ ___ Sand 
P. M. Smith _______ :. ______ .:__________ Cedar Falls _________ Cedar Falls ___________ Terrace _________ Sand and' gravel 
Cedar Falls Sand & Materials CQ.__ Cedar Falls _________ Cedar Falls ___________ Terrace _________ Sand and gravel 
Boone County-
M. & St. L. Railway_: ______________ Minneapolis, Minn._ Pilot Mound __________ Kame ___________ ,Gravel 
Ft. D., D. M. & So. Rallway_________ Boone ______________ Frazer ________________ Terrace __ _____ : _ Sand and gravel 
Frazer Cement Products Co.________ Frazer _____________ Frazer __ ' ______________ River ______ ~ ____ Sand and gravel 
Bremer County-
A. L. Woodruff_______________________ Waverly _________ ~_ Waverly ______________ Terrace ________ ._ Gravel 
A. McClellan (operator) _____________ Waverly _________ ~ _ Waverly ______________ Terrace _________ Gravel 
J. H. RusselL _______________ --------- Waverly _________ ~_ Waverly ______________ Terrace _________ Gravel 
Eureka Cement Tile Co._____________ Janesville __________ Janesville _____________ Terrace _________ Gravel 
Bremer County ----'-----------,------ Waverly ________ ~ __ Plainfield _____________ River ___________ Sand and gravel 
Buena Vista County-:- , " I I ' c. & N. W. Railway _________________ Chicago, TIl. _______ Sioux Rapids _________ Terrace ' _________ Grave] 
Butler County-
C. G. w,. Rail'Yay -------------------- Chicago: Ill. _______ Clarksv!Ue ------------I'rerrace ---------ISand and gravel Clarksvllle Bnck Mfg. Co. ______ ~___ Clarksvllle _________ Clarksvllle , ____________ Terrace _________ Gravel 
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TABLE NO. VIII~CONTINUED 
Owner Location of Office Location of Pit · Character of Deposit Products 
Butler County-Con. P. H. Green __________________________ I Greene :.. ___________ Greene ________________ Terrace _________ Gravel 
J. W. Butler _________________________ 1 Greene :.. __ ~ ________ Greene ________________ Terrace _________ Gravel 
Illinois Central Ry. _________ -:_______ Chicago, · TIl. _______ Sec. 23, Washington ___ Terrace _________ Sand and gravel 
T. H. Ahrens ________________________ Dumont ___________ Dumont ____ -' _________ Upland _________ Sand and gravel 
Carroll County-
Lanesboro 'Cement Tile Co. _________ I Lanesboro ---------..:.ILanesboro ___________ -ITerrace ________ -ISand a.nd gravel 
Cerro Gordo County-
Mason Oity Sand 00. ________________ 1 Mason City---______ IMason City ___________ ITerrace --------- ISand and gravel 
Mason City Cement Products Co. ____ Mason City _________ Mason City ________ ___ Terrace _________ Sand and gravel 
Cherokee County-
Fred Fuhrman .. --------------------- Cherokee ---------__ Cherokee ______________ Terrace ' --------- ISand 
M. J , Gilleas & Co.__________________ Cherokee ___________ Cherokee ______________ Terrace _________ Sand and gravel 
Cherokee Construction Co.__________ Cherokee ___________ Cherokee _____________ .: Terrace _________ Sand and gravel 
Cherokee Sand & Gravel Co.________ Cherokee ___________ Cherokee ______________ Terrace --.:------ISand-and gravel 
TIlinois Central Ry._______ ___________ Cherokee ___________ Cherokee ______________ Terrace _______ __ Gravel 
Clay County-
F. W. Fais: ___________ = ________ : _____ 1 Spencer ----:.-------lsPencer ____ ~ --"'----- --ITerrace --------- ISand ·and gravel W. T. Harl'ls __ .. ________________ -' _____ Spencer ____________ Spencer _______________ Terrace -________ Sand and gravel 
, 
Clayton County~ . 
C., M. & St. P , Railway _____________ 1 Chicago, m. -------IGuttenberg ----------- ITerrace --------- jGraVel Clayton White Sand Co.____________ Clayton ______ :.. _____ Clayton _______________ St. Peter sand· . 
stone __________ Sand 
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Olin ton .CQunty-:- . City of DeWitt ______________________ De Witt ___________ De Witt _______________ Kame __________ Sand and gravel 
Scott County --------------_________ Davenport _________ DeWitt _______________ Kame _____ ~ ____ Sand and gravel 
W. H. Mackridge ____________________ De Witt ___________ De Witt _______________ Kame __________ Gravel 
C. & N. W. Railway __________________ Chicago, Ill. _______ Almont and Clinton ___ Terrace _________ Gravel 
Clinton Sand & GraveICo. __________ Clinton ____________ Clinton _______________ River ___________ Sand and gravel 
Geo. A. Schneider ___________________ Galena, Ill. _________ Clinton _______________ River ___________ Sand and gravel 
John Sampson ______________________ Grand Mound ______ Grand Mound _________ Kame __________ Gravel . 
Dallas County- . 
C., M. & St. P. Railway _____________ Chicago, Ill. _______ Madrid ________________ Terrace _________ Gravel 
C., M. & St. P. Railway _____________ Chicago, Ill. _______ Bouton _______________ Terrace _________ Gravel 
City of Van Meter _________________ VanMeter _________ Van Meter ____________ River ________ . __ Sand and gravel 
City of Booneville ___________________ Booneville _________ Booneville ____________ River ___________ Sand and gravel 
Delaware' County-
C. G. W. Railway------_______________ IChicago, Ill. _______ !Dyersville ___________ -'Terrace ________ -IGravel 
Des Moines County-
Kelly Sand & Fuel Co.~ _______ :" ______ [Burlington 
Zippe & Fletcher Co. ___ :. ____________ Burlington urlington ------------I-----'-------------Isand and gravel Burlington _________________ :: ___ ~ ________ Sand and gravel 
- Dickinson County-C., M. & St. P. Railway ______________ !Chicago, Ill. ilford ___________ .. ___ ITerrace _________ IGravel 
Dubuque County-Frank Beutin ____________________ .:. ___ Dubuque ___________ Dubuque ______________ Terrace __ .: ______ Sand and gravel 
Dubuque Sand & Gravel Co. _________ Dubuque ___________ Dubuque ______________ Terrace _________ Sand and gravel 
Illinois Central Ry. _________________ Dubuque ___________ Dubuque ______________ Terrace ~ ________ Gravel 
F. A. Burns __________________________ Dubuque ___________ Dubuque ______________ River ___________ Sand 
Emmet County-
C., R. I. & P. Railway _______________ jChiCago, Ill. -------IGraettinger -----------ITerraCt3 ---------IGraVel . 
M. & S~. L. Ra,ilway ________________ ~ Minnea~olis, Minn._ Esthervjlle ____________ Terrace _--: _______ Sand and gravel 
EsthervIlle Cement Prod. Co. ________ EsthervIlle ________ EsthervIlle ____________ Terrace ______ --: __ Sand and gravel 
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TABLE NO. VITI-CONTINUED 
. Owner Location of Office I Location of Pit ·'Character of Deposit Products 
Fay~tte County-C., R. I. & P., Railway ______ '_________ Chicago, m. _______ Clermont ____ ~ ________ Terrace _________ Sand 
C. Miller & Son______________________ Clermont __________ Clermont _____________ 'l'errace '-----____ Sand 
Ira' Hanson __ .:_______________________ Oelwein ____________ Oelwein _______________ 'l'errace ----_____ Sand 
Martin Stoll Estate_________________ Clermont __________ Clermont _____________ 'l'erracl! ------___ . Gravel 
Floyd Oounty- . . . . Terr I . 
C., R. 1. '& P . Railway _______________ 1 ChICago, m. -------- IMarble Rock ----------1 ace --------- IGraVel 
Mrs. Eliza Barnes____________________ Charles City _______ Charles City __________ 'l'errace --------- Sand and gravel 
Alfreq Laun, ____________ '_____________ Floyd ______________ Floyd ____ ___ __________ Terrace --------- Sand and gravel 
Franklin County-:-Sheffield Cement Prod. Co. __________ I Sheffield ___________ ISheffield ______________ ITerrace --------- ISand and gravel 
Greene ' County- . _ 
C. & N. w.,Railway __________________ 1 Chicago, m. -------- IGrand Junction _______ /Terrace --------- IGraVel A. S. Tanner _________________________ Jefferson ___________ Jefferson ___ .: _________ Sand bar _______ Sand and gravel 
0;, M. & St. P. Railway ______________ Jefferson ___________ Jefferson _____________ Terrace _________ Gravel ' 
Grundy County- , . Gr!mdy Center Brick:& :jle Co. _____ 1 Grundy Center _____ IGrundy Center ________ ITerrace -------__ ISaIid and gravel 
Hancock County-
C., R. 1. & P. Railway_______________ Chicago, m . . _______ Forest City ___________ Terrace _________ Gravel 
Amsterdam Tile Works _____________ Goodell ____ ::- _______ Amsterdam ___________ Terrace _________ Sand and gravel 
Hardin County-C. '& N. W. Railway __________________ Chicago, m. · _______ Gifford ________________ Terrace _____ . ____ Gravel 
M. & St. L. Railw:ay ___________ .:_____ Minneapolis, Minn._ Gifford ______ ~ _________ Terrace ____ , ____ Gravel 
Gifford Sand & Gravel Co.__________ Gifford .:. ___________ Gifford ________________ Terrace _________ Sand and gravel 
Fred Berning~a~sen ________________ Eldora _____________ Eldora _______ ~ ________ Terrace _:.. ___ ____ Gravel 
CI) 
' 00 
o 
::0 
o 
~ 
§ 
a 
~ 
a 
::0 
trJ 
'":3 
trJ 
~ 
~ : 
::0 
~ t" , 
rJJ 
Z· 
...... . 
o 
~ 
- . . ~ . .. 
NmTlson County-
J~ . .R. I{jox ____________________________ Missouri Valley ____ Missouri Valley _______ Aftonian _______ ISand and gravel 
Henry Oounty- , . 
' n~, '.B: & Q. 'Railway _-~~ __ ::_. __ -~::.: ::.:::..-~_ Chicago, III. ' __ : __ :..": Co?pock ,. ______ ~~:'_~_~'_ Terrace __ ~,_:. .::..~:: ISandand gravel 
Howard bounty-Howard County _____________________ Cresco _____________ Sec. 11, Afton __________ 1 Upland ________ -1Gravel 
Humboldt ,County""",,", . 
W. C. Hayes---------------________ Humboldt ___ . __ -,- ___ Hum.i?oldt ____________ ITerraee __ .. ____ ISand and gra.vel 
Ida, County-
Robert Hall W. E. Rathburn, Jr. _________________ _ 
Concrete Stone Co. _________________ _ 
Ida Grove ----------IIda Grove --------;----I------------------IGraVel Ida Grove _____ _____ Ida Grove ____________ ---------------___ Sand 
Ida Grove _________ J Ida Grove ____________ ----------_: _____ .: Gravel 
Jackson County--
Sabula Sand & Gravel Co.__________ .Sabula _____________ Sabula ________________ River ' ___________ ISand and gravel 
Johnson , County-:- _ ' . . ' , 
:aills Sand & Gravel Co.--------_____ Hills ______________ Hills , _________________ River -----------ISand ·andgravel 
,Horrabin Sand & Materials. Co. ____ ~ Iowa City __ ~ _____ ..: Iowa Cit.y. __________ __ River ___________ Sand and gtavel 
·~eo. E: Mathews_.:. ________ .. ____ .____ .River . Junction ____ River. Junction _______ River _~--------.: Gravel ' 
'Kossuth County-
C. & N. W. Railway _________________ Chicago, III. -------IIrvington' -------------ITerrace . _________ jGraVel C. J. Lenander_______________________ Bancroft __________ Bancroft ____________ -i Terrace _________ Gravel 
'Northwestern 'Drain ' & eonstruc: Co. Bancroft ' -:'--:'-'-0: -:' Bancroft __ ~ ________ :.. Terrace _________ Gravel 
" 
. Lee County--
Ft. Madison Sand & Gravel Co. _____ Ft. Madison --------IFt.--Mad!SOn -:.:-: -----IRjver __ ~-- :.. --'--,-ISand and gravel ' Joseph Jaeger -----__________________ Montrose __________ Ft. Madlson __________ RIver _________ ~_ Sand 
J. H. Einspanjer_:.___________________ Ft. Madison ____ :.. ___ Ft. Madison __________ River ___________ Sand 
Linn County--
Kings Crown Plaster cO. ____________ 1 Cedar Rap.ids -----.-ICedar Rapids ---------IRiver ___________ [Sand 
Larimer & Shaffer___________________ Cedar Rapids ______ Cedar Rapids ______ ___ River ___________ Sand and gravel 
Standard Construction Co. _________ .: Cedar Rapids ______ Cedar Rapids _________ River _____ . _. ___ Sand 
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TABLE NO. VIII-CONTINUED 
Owner Location of Office Location of 'Pit Character of I· Products ' 
Deposit ' 
Linn County- Con. Russell J. Tabor ____________________ _ 
Mrs. Rozella CorbetL:. _____________ _ 
Lyon County-
Great Northern Railway ___________ _ 
Miller & Montgomery ______________ _ 
Doon Sand & Gravel Co. ___________ _ 
C. R. MacDoweIL __________________ _ 
C., R. I. & P. Railway _______ . _______ J 
Lehatchka & PattengilL __ __ _______ _ 
Springville _________ !Springville ____________ !River ____ · _______ IS~nd 
Viola ______________ Viola _______ . __________ Buchanan ______ -'Sand 
St. Paul, Minn. ____ Doon _______ ~ __________ Terrace _______ J~and ~~d gravel 
Doon ______________ Doon __________________ Terrace __ , _______ ISand and gravel 
Doon ______________ Doon _____ ..: ____________ Terrace -------- - ISand and gravel 
Doon· ______________ Doon __________________ Terrace _________ Sand and gravel 
Chicago, Ill. _______ Granite _______________ Terrace --------- IGraVel .. 
Rock Rapids _______ Rock Rapids __________ Terrace _________ Gravel 
Mahaska County-
Eddyville Sand Co. __________________ I Eddyville ----- ----JEddyville ____________ J River __________ JSand 
Marion County-C., R. I. & P. Railway __________ ___ _ 
Sand Valley Sand Co. ______________ _ 
Iowa Sand & Gravel Co. ___________ _ 
J. A. Wilson ________________________ _ 
Chicago, m. _______ Harvey 
Harvey ____________ Harvey 
Oskaloosa _________ Tracey 
Tracey _____________ Tracey 
River 
_______________ ,River 
River 
River 
Sand' , 
----------- ISand and gravel 
ISand and gravel 
____ , ______ ISand and gravel 
Marshall Coun~y- . .' ' I " , M. N. , Hawkllls ______________________ 1 Marshalltown -----IMarshalltown _____ :. __ 1 __________________ Sand and gravel 
Marshall Sand Co.___________________ Marshalltown _____ Marshalltown __________________________ ISand and gravel 
M. & St. L. Railway ____________ ~ ____ Minneapolis, Minn._ Clemons ______________ Terrace _________ :Gravel , -
Mitchell County-
Osage Cement Prod. CO. ______________ 1 Osage --------------Iosage __________ ~ ______ ITerrace --------- ISand and gravel 
N.-W. Nelson __ ..:______________________ Osage ______________ Osage _________________ Terrace _________ Sand and gravel 
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Muscatine County- , C., R. 1. & P. Railway _______________ _ 
Muscatine Sand Co. ________________ _ 
Northern Gravel ·Co. ________________ _ 
Chicago, m. -------IFrllitland _____________ \TerraCe _______ ~_IGraVel 
Muscatine _________ Muscatine _____________ River ___________ Sand 
Davenport _________ Muscatine _______ ..: _____ Terrace ____ . _____ Sand and' gravel 
O'Brien County-McCracken Bros. ___ ________________ _ 
---------------------------------------Peake _____________________ _ 
Thos. Beacon _____ ~ ________________ _ 
P ul · " I " a hna ___________ Paullina ______________ Terrace _________ Sand and gravel 
---------------------\Calumet _______________ Kame _____ .: _____ Sand and gravel ' 
Paullina ___________ PaulHna ______________ Terrace _________ Sand and gravel 
Sheldon ____________ Sheldon ______ ~ ________ Terrace _________ Sand and' gravel 
Osceola County.-
, C" R. 1. & P. Railway ________________ ,Chicago, TIL _______ Sibley -----------------ITerrace _________ \GraVel 
Sibley Cement Co. ________ '-__________ Sibley _____________ Sibley ___ ______________ Terrace ________ ..: Sand and gravel (Ocheyedan Mound) _______ ___ _____ _ ____________________ Ocheyedaq ___ ~ ________ Kame ___________ Gravel 
Palo Alto County-
, Shadbolt Lumber Co. _____________ __ Emmetsburg _______ Emmetsburg __________ ITerrace ---------ISand 
Graettinger Tile Works______________ Graettinger ________ Graettinger ___________ Terrace _____ , ____ Sand and gravel 
Plymouth County-
. Frank Hammon _______________ :.. ____ _ 
Kingsley Milling Co. ________________ _ 
G. L. Griffith _________ _____________ _ 
Geo. Bainbridge ___________________ _ 
Dalton Co. _________________________ _ 
C., St. P., M. & O. Railway _________ _ 
Illinois Central Ry. ________________ _ 
,LeMars Brick & Tile Co._..: _________ _ 
Kingsley ___________ Kingsley ____ _________ -' Upland 
Kingsley ___________ Kingsley ______________ Upland 
Kingsley ___________ Kingsley ______________ Upland 
Kingsley ___________ Kingsley ______________ Upland 
Le Mars ____________ Le Mars _______________ Terrace 
Chicago, TIl. _______ Le Mars _______________ Terrace 
Chicago, m. _______ Le Mars _______________ Terrace 
Le Mars ___________ Le Mars _______________ Terrace 
---------IGravel 
_____ ____ Gravel 
Gravel 
Gravel 
---------ISand and gravel 
_________ Gravel 
_________ Gravel 
, Gravel 
Polk County-
C., R. 1. & P. Railway_______________ Chicago, TIL _______ Avon and Commerce __ River ___________ Saqd and gravel 
Geo. N. Doty________________________ Commerce _________ Commerce ____________ RIver ___________ Sand and gravel 
F. F. Balzer ____________ ' ______________ Des Moines ____ ____ Des Moines ____________ RIver ___________ Sand and gravel 
C. G. W. Railway __________________ __ Chicago, m. _______ Des Moines ______________________________ Gravel 
Coon River Sand Co._________________ Des Moines ________ Des Moines ____________ River ___________ Sand and gravel 
Frank Cram _____________________ ____ Des Moines _____ ___ Des Moines ____________ River ___________ Sand and gravel 
Des Moines Sand Co. ________________ Des Moines --------IDes Moines ____________ River ___________ Sand and gravel 
Leon Harris ____________________ ~___ Des Moines ________ Des Moines ____________ River ___________ Sand and gravel 
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· TABLE NO. VlII-OON'l'INUED 
Owner Location of Office Location of Pit Oharacter of Deposit Products 
Oak . Park Sand .00. ___ '-'______________ Des Moines ___ _____ Des Moines ___________ ._ Riv.el' .----------- Sand and gravel . 
Wabash· Railroad _______ __ ___________ St. Louis __________ Des Moines ____________ Terrace --------- Gravel 
Des M. Building Material 00.-_______ . Des Moines ________ Valley Junction ______ Riv.er - ---------- Sand 
CO.IJ!IDercial Sand Co,________________ Mitchellville _______ Valley Junction ______ River ----------- Sand 
Sac County-
C. & N. W. Railway__________________ Chicago, 111. _______ Lake View ___________ Terrace --------- Sand and gravel , 
Lake 'View Sand & Gravel Co.______ Lake View _________ Lake View ___________ Terrace --------- Sand and gravel ' 
Sae City Cement Prod. Co. __ · ________ . Sac City . ___________ Sac City ______________ Terrace --------- Sand arid gravel 
Scott Sand & Gravel Co.____________ _ ____________________ Lake View ___________ Kame ----------- Sand arid gravel 
Phil Shaller. ________________________ SaC! City ___ .-------- Sac Ci:ty. ___________ __ Tel'l'~(\e . --------- Sand al?-d gravel 
Scott Coriilty- .' 
.Interstate Material Co. ______________ Davenport _________ Davenport ____________ ------------------ Sand and gravel 
Builders Sand & Gravel Co. ______ ~__ Davenpor.t __ ~ ______ Nl:!-hant _. ______________ -------_---------- Sand and gravel ' 
SioUx Coimty·-
Hosper Cement Products Co.________ Hosper _____________ Hosper ______ ~ ________ '_ Terrace _ ~ _______ Sand and gravel 
Joseph Hyink ________________________ Alton ______________ Alton ~ ________________ Upland _________ Sand and grl:!-vel 
John Beltman _______________________ Alton ______________ Alton ~ _____ . ___ ~ _______ Upland .--------- Sand and gravel ' 
C .. & ;N. W. Railway__________________ Chicago, TIl. ________ Hawarden ____________ T~rrace --------- Gravel ' 
Hawarden Sand & Gravel Co.________ Hawarden _________ Hawarden ____________ RIver ___________ Sand and gravel 
--:-, 7. - Briggs ______________________ . Hawarden ________ ._ Hawarden ____________ Terrace . _________ Sand and gravel 
a, ·M. ~ St. J>. Railway ____________ :._ Chicago, TIl. ________ Opposite Hudson, S. D. Terrace . _________ Gravel . . 
CornelIUS Van der Veer ______________ Alton _.:. ____________ Alton _________________ Upland ------___ Sand and gravel , 
S:to:ry ~County-- . 
Iowa State College___________________ Ames ______________ Ames _________________ Terraco _________ Sand and gravel 
R. E. Carr___________________________ Ames ______________ Ames _________________ Terrace ______ ___ Sand and gravel . 
Cole Bros. ----__ :.____________________ Ames ____ :. _________ Ames __________ :.. ______ Terrace _________ Sand and gravel 
Greenlee & Greenlee_________________ Ames ______ .:------- Ames __ .:. ______________ Terrace ' _________ Sand and gravel 
: ;rohn (tlid!ion "':-------------------.- Ames ________ --____ Ames _________________ Terrace .. ________ Sand and gravel 
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Union County-
C. G. W. Railway____________________ Chicago, TIl. ______ JAfton Junction ______ -IAftonian . _____ -IGravel 
Van Buren County-
C., B. & Q. Railway _________ .:...________ Chicago, TIL _______ IFarmington ---------- iTerrace ___ .. _____ \Gravel 
C., R. I. .& P. Railway_______________ Chicago, TIL _______ Farmington __________ Terrace ____ '-____ Gravel 
Wapello County-
Des Moines River Sand Co. ______ .:: ___ Eddyville _______ ___ Eddyville _____________ River · ___________ Sand and gravel 
Empire Sand & Material Co.________ Eddyville __________ Eddyville ___________ __ River ___________ Sand and gravel 
Palmer Sand Co. __ .,-__________________ Eddyville __________ Eddyville _____________ River ___________ Sand and gravel 
Ottumwa.Sand Co.___________________ Ottumwa __________ Ottumwa _____________ River ___________ Sand and gravel 
Webster County-
Chas. Larrabee _________________ ._____ Ft. Dodge ---------- IFort Dodge ---------- iTerrace _________ \Gravel (Coon Mound) ____________________ _ ____________________ Sec. 9, Lost Grove _____ Kame ___________ Gravel 
Winnebago County- . . 
Forest City Cement Prod. Co._______ Forest City _______ -'Forest City __________ -IKame __________ -ISand and gravel 
Winneshiek County-
Decorah Cement Sidewalk Co._______ Decorah ____________ IDecora.h _______________ IR!Ve~ -----------ISand 
A. J. Bernatz_________________________ Decorah ____________ Decorah --------------- RIver ___________ Sand 
J. I. Tavenor __________ .______________ Decorah ____________ Decorah --------------- River ___________ Sand 
Woodbury County-
John Fleming & Son _____________ ~ __ _ 
M. J. Gilleas & Co. __________________ _ 
H. A. Moran ________________ ..: ________ _ 
Welch Bros. ________________________ _ 
illinois Central Railway ____________ _ 
John Bower ________________________ _ 
Correctionville _____ Correctionville ------- Terrace --------- Sand 
Correctionville _____ Correctionville ------- Terrace --------- Sand and gravel 
Correctionville ____ ~ Correctionville ------- Terrace _________ Sand and gravel 
Correctionville _____ Correctionville ------- Terrace _________ Sand and gravel 
Correctionville _____ Correctionville -______ Terrace _________ Gravel ' 
Correctionville _____ Correctionville' ------- Terrace _________ Sand and gravel 
Wright County-
Belmond Cement Manufacturing Co. I Belmond ----------- IBelmond -------------- ITerrace :..--------Isand C. G. W. Railwa~ _____ ':: ______________ Belmond ___________ BelI,rlOnd ______________ Terrace :-________ Sand and gravel 
C., R. I. & P. Rallway _______________ Belmond ___________ Belmond ______________ Terraco _________ Sand and gravel 
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